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To  Members  of  the  MEUC  Hydro  Study 
of  this  Keport: 


July  24,  1981 


Management  Teea  end  other  Seeders 


I  ea  pleased  to  provide  you  with  a  copy  of  the  final  report  of  a 
alnlaua  flow  study  prepared  for  HE8BC  by  International  Engineering 
Co.,  Inc.  of  Darien,  CT.  The  study  was  jointly  funded  by  HERBC  and 
the  U.S.  Department  of  Energy. 

The  study  was  conducted  to  provide  project  applicants, 
consultants,  and  public  agencies  Involved  In  the  regulation  of  hydro 
developaent  with  an  objective  analysis  of  what  has  tuned  out  to  be  a 
highly  controversial  Issue  In  Mew  England  -  minimum  flow  requirements 
at  hydroelectric  projects.  The  study  was  designed  both  to  provide  an 
assessment  of  the  economic  Impacts  of  minimum  flow  requirements  on  the 
feasibility  of  representative  hydro  projects  and  to  determine  If  It  Is 
possible  to  offset  these  negative  lnpactp  through  the  use  of  small 
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benefits  of  hydro  development  vs.  protection  of  environmental  values. 


It  Is  hoped  that  the  results  of  this  study  will  be  Instructive  to 
developers  and  agencies  Involved  In  day  to  day  decision  making  for 
hydro  development.  The  study  findings  Indicate  that  accomodation  of 
minimum  flow  requirements  may  well  be  feasible  at  many  sites 
throughout  the  region,  particularly  If  the  use  of  small  turbines  to 
generate  power  from  alnlaua  releases  Is  considered  and  If  project 
applicants  and  regulatory  agencies  cooperate  In  identifying  site 
specific  alnlaua  flow  needs. 
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New  England  River  Baeine  Commission 

141  Milk  Street 

Boston/  Massachusetts  02109 


Attention t  Mr*  Howard  Ris,  Manager#  Hydro  Program 


Subject!  Study  of  the  Interrelationships  between  minimal  flow  release 
policies  and  hydropower  development  in  New  England 


Gentleman > 


I  am  pleased  to  submit  our  final  report  for  the  minimum  flow  study* 

I  believe  that  we  have  been  able  to  realise  the  objectives  of  the  study, 
the  range  and  type  of  atreamf low  diversions  being  considered  at  New  Ingland 
hydro  sites  has  been  determined,  flw  interrelationships  between  various 
minimum  flow  criteria  and  energy  generation  have  been  analysed  in  detail, 
as  well  as  their  economic  implications.  Alternative  measures  for  complying 
with  minimum  flow  requirements  while  minimising  negative  impacts  upon 
project  feasibility  were  explored  —  particularly  the  utilisation  of 
small  turbines  sised  to  the  minimum  flow  release  and  the  available  head. 


As  instructed  by  the  Project  Management  Ten#  the  scope  of  this  study  did 
not  address  the  environmental  and  other  benefits  that  may  result  from 
sustained  minimum  flow  releases. 


w>i«  has  been  a  most  interesting  and  challenging  assignment.  We  have 
enjoyed  this  opportunity  to  work  with  the  Mew  Magland  River  Basins 
Commission  and  the  many  other  agencies  with  an  interest  in  this  study. 


Very  truly  yours# 
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SECTION  1 


EXECUTIVE  SUMMER? 


1.1  OBJECTIVES 

This  study  of  the  interrelationships  between  alternate  minimum  flow  release 
policies  and  hydroelectric  power  development  in  Mew  England  was  performed 
by  International  Engineering  Company  (IECO)  for  the  Mew  England  River 
Basins  Commission  (MERBC).  The  project  had  three  basic  objectives: 

1.  To  determine  the  range  and  type  of  streamflow  diversions  being 
considered  for  hydroelectric  sites  in  Mew  England; 

2.  To  assess  the  interrelationships  between  various  minimum  flow 
regimes  and  energy  generation  at  representative  sites  through  the 
use  of  case  studies;  and 

3.  Identify  alternative  measures  for  complying  with  minimum  release 
requirements  while  minimizing  negative  impacts  upon  project 
feasibility. 

1.2  STREAMFLOW  DIVERSIONS  AT  ACTIVE  HYDROELECTRIC  SITES 

Active  hydroelectric  sites  in  Mew  England  were  identified  by  searching  the 
files  of  the  regional  offices  of  the  Federal  Energy  Regulatory  Commission 
(FERC)  and  Department  of  Energy  (DOE).  Active  projects  were  defined  as 
those  for  which  an  application  for  a  Preliminary  Permit  or  License  had  been 
made  and  accepted  within  a  three-year  period  ending  January  1,  1981,  or 
which  were  the  subject  of  an  application  to  DOE  for  a  loan  to  perform  a 
feasibility  study  or  prepare  a  license  application  were  also  considered 
active.  A  total  of  194  sites  were  identified. 

Table  1-1  presents  a  summary  of  the  active  sites  on  the  basis  of  the  type 
of  developer,  type  of  dam,  amount  of  head,  amount  of  installed  capacity, 
operating  mode,  and  diversion  length.  More  than  half  (54%)  of  the  project 
developers  are  private  non -utilities.  In  addition,  the  great  majority  of 
all  projects  involve  an  existing  dam  (82%),  have  an  installed  capacity  of 
less  than  5,000  kW  (84%)  and  list  their  mode  of  operation  as  run -of -river 
(83%).  More  than  two-thirds  of  the  active  projects  have  heads  of  less  than 
50  feet.  About  80%  of  the  projects  prqpose  to  utilize  some  form  of  stream 
flow  diversion,  typically  a  penstock,  headrace,  tailrace,  or  seme 
combination  thereof.  Twenty-six  percent  of  the  projects  would  utilike  a 
diversion  of  from  1  to  300  feet,  while  54%  would  utilize  a  diversion  of  300 
feet  or  more.  The  implications  of  this  finding  are  twofold:  there  is  a 
high  incidence  of  projects  in  which  flow  conditions  in  a  streambed  may  be 
altered  by  development  and  operation  of  hydroelectric  facilities;  and  many 
proposed  projects  in  Mew  England  will  be  affected  by  requirements  for  the 
maintenance  of  minimum  flow  releases  in  by -passed  portions  of  stream  beds 
and  at  the  powerhouse. 
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Table  1-1 


TYPES  OF  HYDRO  PROJECTS  IN  NEW  ENGLAND 


DEVLOPER  TYPE 


Private  Utility 
Private  Nonutility 
Public  Utility 
Public  Nonutility 
Hybrid 
Unknown 

DAN  TYPE 


Existing 

New 

Unknown 

HEAD 

Less  than  25  feet 
25  feet  -  50  feet 
51  feet  -  100  feet 
Greater  than  100  feet 
Unknown 

CAPACITY 

Less  than  500  kW 
500  ktf  -  5,000  k«r 
Greater  Than  5,000  kW 
Unknown 

OPERATING  MODE 


Run -of -river 
Peaking 
Pulped  storage 
Tidal 
Unknown 

DIVERSION  LENGTH 


No  diversion 
1  foot  -  300  feet 
301  feet  -  1,000  feet 
Greater  than  1,000  feet 
Unknown 


NUMBER  PERCENT* 


19 

90 

24 

26 

8 

27 


11 

54 

14 

16 

5 


133  82 

30  18 

30 


50 

39 

28 

9 

69 


40 

31 

22 

7 


50 

107 

29 

8 


27 

57 

16 


136 

24 

2 

1 

31 


83 

15 

1 

1 


27 

34 

32 

39 

62 


20 

26 

24 

30 


*Percentages  shown  are  based  on  the  nunber  of  projects  in  each 
category  for  which  data  was  available. 


1.3  CASE  STUDIES 


Thirteen  sites  were  selected  from  the  list  of  active  sites  for  a  detailed 
analysis  of  the  impact  of  various  minimum  release  flow  regimes  on  energy 
generation,  total  project  costs,  and  overall  project  feasibility.  Cost 
estimates  were  prepared  for  a  range  of  installed  capacities  for  each  site. 
Average  annual  energy  generation  was  then  estimated  for  each  site  under  the 
various  minimum  release  regimes  for  a  range  of  installed  capacities.  The 
energy  generation  studies  took  into  account  turbine-generator  efficiency 
curves,  site-specific  headwater  and  tailwater  curves,  headloss  in  the 
conveyance  structures,  and  typical  maximum/mi nimum  discharge  limits  of 
turbines. 

All  projects,  with  the  exception  of  one  site  which  had  been  designated  as  a 
peaking  project  and  had  no  diversion,  were  assumed  to  operate  in  a  strict 
run-of -river  mode;  that  is,  no  flow  would  be  impounded  and  utilized  at  a 
later  time  for  generation.  When  the  river  flow  was  below  the  operating 
range  of  the  installed  equipment,  it  was  assumed  to  be  spilled  or  otherwise 
passed. 

Three  flow  regimes  were  postulated  and  considered: 

•  No  Minimum  Release.  This  regime  assumed  that  no  minimum  flow 
requirements  would  apply.  All  available  stream  flow  could  be 
diverted  for  power  generation  downstream  —  no  releases  were 
required  to  provide  water  in  the  by-passed  stream  bed. 

e  7gl0  Flow  Release.  The  7Q10  flow  was  assumed  to  be  released  at 
the  dam  —  either  through  a  small  turbine  or  through  the 
spillway.  The  actual  7Q10  flow  for  each  site  was  calculated  by 
the  U.S.  Geological  Survey  (USGS).  The  7ftl0  criterion  is  intended 
to  represent  the  lowest  7 -consecutive -day  mean  flow  ejected  to 
occur  once  every  ten  years  and  is  commonly  used  as  the  minimum 
dilution  flow  in  the  design  of  municipal  and  industrial  waste 
treatment  plants. 

e  Aquatic  Base  Flow  Release.  The  aquatic  base  flow  (ABF)  was  also 
assumed  to  be  released  at  the  dam,  either  through  a  turbine  or  at 
the  spillway.  ABF-1  flow  was  defined  here  as  the  median  August 
flow  for  unregulated  rivers  where  at  least  25  years  of  USGS 
streamflow  records  were  available,  or  0.5  cubic  feet  per  second 
per  square  mile  (cfsm)  otherwise.  ABF-2  releases  were  defined  as 
1.0  cfsm  for  the  period  January  through  March,  4.0  cfsm  -  April 
through  June,  0.5  cfsm  (or  median  August  flow  as  applicable)  - 
July  through  September,  and  1.0  cfsm  -  October  through  December. 
These  definitions  are  reasonably  consistent  with  an  interim  flow 
release  policy  used  by  New  England  regional  office  of  the  U.S. 

Fish  and  Wildlife  Service  (USFWS).  However,  USFWS  would  probably 
not  recoomtend  the  ABF-2  flows  as  described  herein,  but  would  more 
narrowly  define  the  spawning  and  incubation  seasons. 

The  use  of  small  turbines  to  generate  electricity  using  the  various  m(nim»mi 
release  regimes  was  investigated  for  each  case  study  site.  The  small 
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turbines  were  assumed  to  be  installed  at  the  dam  and  driven  with  the  flow 
which  had  to  be  released  in  the  by -passed  reach  of  the  river  to  satisfy  the 
various  flow  regimes . 


A  survey  of  the  turbine  vendors  indicated  that  most  small  turbines  with  a 
capacity  of  less  than  100  kW  have  fixed  blades*  The  fixed  blades  tend  to 
reduce  the  cost  of  the  turbines;  however,  they  limit  the  turbine  to  a  very 
narrow  range  of  operating  flows*  Since  minimum  release  requirements  tend 
to  be  constant  at  a  given  site,  fixed  blade  turbines  are  ideally  suited  to 
this  application.  Adjustable  blade  turbines  were  also  considered  when  the 
required  minimum  release  could  drive  a  turbine  in  the  100  to  1,000  kW 
range*  Adjustable  blade  turbines  are  more  expensive  than  fixed  blade 
turbines  for  a  given  runner  diameter,  however,  they  are  capable  of  handling 
a  flow  range  of  about  40  to  105  percent  of  the  rated  turbine  discharge* 
Therefore,  they  have  the  potential  of  generating  more  energy  than  a  fixed 
blade  turbine  under  varying  head  and  flow  conditions. 

An  optimum  installed  capacity  for  each  flow  regime  at  each  site  was 
selected  on  the  basis  of  minimum  capital  cost  per  kilowatt  hour  of  energy 
generated.  Table  1-2  summarizes  the  physical  characteristics  of  each  of 
the  case  study  sites  as  well  as  the  cost-energy  ratio  for  the  various  flow 
regimes,  both  with  and  without  the  use  of  small  turbines.  The  effect  that 
the  various  release  regimes  have  on  the  cost-energy  ratio  is  also  shown  in 
terms  of  the  percentage  change  in  this  ratio.  Table  1-3  summarizes  the 
annual  energy  generation  for  each  site  for  the  various  release  regimes, 
with  and  without  the  use  of  small  turbines. 

Economic  and  financial  evaluations  of  the  various  release  regimes  were  made 
for  each  site  from  both  a  public  (tax-exempt)  and  privc.te  (taxable) 
prospective.  Life-cycle  analysis  and  cash  flow  projections  were  made 
assuming  a  20-year  life-cycle,  discount  rates  of  10,  15  and  20  percent, 
general  escalation  of  8  percent  per  year,  energy  escalation  of  11  percent 
per  year  for  10  years  and  8  percent  thereafter,  and  a  tax  bracket  of  50 
percent  for  taxable  entities.  Investment  tax  credits,  energy  tax  credits, 
and  depreciation  were  also  considered  for  the  private  entities.  Debt 
service  for  public  entities  was  based  on  100  percent  project  financing  at 
10  percent  for  30  years.  A  private  entity  waB  assumed  to  contribute  20 
percent  equity  and  finance  the  remaining  80  percent  over  a  period  of  20 
years  at  an  interest  rate  of  15  percent. 

The  criteria  selected  to  evaluate  the  cost  impact  of  the  various  minimum 
flow  release  scenarios  on  hydroelectric  facilities  was  "break  even"  cash 
flow  in  three  years  for  a  private  entity,  and  "break  even"  cash  flow  in 
five  years  for  a  public  entity*  These  criteria  are  equivalent  to  an 
internal  rate  of  return  of  15  percent  for  a  public  entity  and  13  percent 
(after  taxes)  for  a  private  entity* 

Table  1-4  presents  the  initial  value  of  energy  required  by  a  public  and 
private  developer  to  meet  with  minimum  financial  and  economic  criteria  for 
the  various  minimum  release  regimes  for  each  site*  These  values  can  be 
compared  to  current  market  values  for  hydroelectric  power  in  New  England  to 
provide  an  indication  of  how  feasible  each  project  would  be  under  each  of 
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the  flow  regimes.  Current  market  values  in  Mew  England  are  estimated  to 
range  from  50  to  90  mills  per  kilowatt  hour  based  on  available  Information 
from  Public  Utilities  Commissions  responsible  for  establishing  PURPA  rates 
in  each  state. 

1.4  PRINCIPAL  FINDINGS 

She  direct  effect  all  minimum  instream  release  regimes  is  to  reduce  the 
energy  that  can  be  generated  at  a  site.  This  reduction  increases  the  cost 
of  energy  generated  because  assent f  lly  the  same  capital  cost  must  be 
spread  over  a  smaller  amount  of  energy. 

Not  surprisingly,  the  more  favorable  sites  are  better  able  to  meet  the  more 
stringent  minimum  release  requirements,  in  part  due  to  their  better 
economic  posture  prior  to  conforming  to  the  release  constraint.  Examples 
of  such  favorable  sites  would  include  the  availability  of  higher  head  at 
the  dam,  location  on  a  high-flow  river  well-suited  to  the  range  of 
turbine-generator  equipannt  available  on  the  market  (especially  where  the 
minimum  flow  release  itself  is  sufficient  for  power  purposes),  and  the 
availability  of  existing  structures  and  equipment  in  reasonably  good  or 
repairable  condition.  Projects  of  these  types  generally  remained 
economically  feasible  under  the  7Q10  and  ABF-1  release  regimes.  The  ABF-2 
regime  was  found  to  have  a  substantial  negative  economic  impact  on  almost 
all  sites. 

Overall,  the  use  of  small  turbines  to  generate  power  from  the  minimum  flow 
releases  was  found  to  improve  the  economic  capabilities  of  the  projects  to 
meet  the  7Q10  of  ABF  requirements.  However,  no  project  employing  these 
turbines  was  found  to  be  as  econcaiically  attractive  as  it  would  be  in  the 
absence  of  any  minimum  flow  requirements. 

1.5  USFWS  ANALYSIS  OF  FLOW  REGIMES  USED  IN  STUDY 

At  the  conclusion  of  the  NEKBC/XECO  study,  the  USFWS  assessed  the  thirteen 
sites  to  determine  how  closely  the  generic  release  policies  used  in  this 
study  would  correlate  with  releases  likely  to  be  reccemwnded  by  USFWS  in 
actual  practice.  A  second  purpose  was  to  determine  the  likelihood  that 
USFWS  would  recomnend  maintenance  flows  higher  than  the  median  August  flow 
(ABF-1)  daring  certain  times  of  the  year  to  support  spawning  and 
incubation.  Table  1-5  sunmarizes  the  minimum  release  schedules  used  by 
I ECO  in  the  study,  (based  on  generic  application  of  the  USFWS  policy)  while 
Table  1-6  summarizes  the  USFWS  recommendations  for  each  site  (baeed  on  site 
specific  application  of  the  USFWS  policy). 

Given  the  limited  time  available,  USFWS  was  able  to  develop  a  specific 
i  in  iiBmninrint  1  mi  for  only  four  of  the  thirteen  sites.  However,  for  these 
four  sites  the  flows  the  USFWS  would  recommend  based  on  field  observation 
were  found  to  be  considerably  lower  than  those  developed  by  I ECO  using  the 
generic  policy.  With  respect  to  supersedence  flows  (ABF-2),  USFWS 
determined  that  at  87%  of  the  sites  it  was  unlikely  that  they  would 
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recommend  maintenance  of  minimum  flow  releases  higher  than  the  August 
median  flow  in  the  by-passed  reach  of  the  river.  Sixty  percent  of  the 
sites  studied  would  definitely  not  require  supersedence  releases  downstream 
of  the  powerhouse. 

These  results  suggest  that  the  ABF  release  regimes  used  in  this  study  may 
overstate  the  requirements  likely  to  be  recosmiended  by  USFWS.  This  is 
because  they  were  based  on  strict  interpretation  of  USFHS's  generic  policy, 
rather  than  site-specific,  field  application  as  would  normally  occur  in  the 
FERC  licensing  process.  Furthermore,  USFWS's  findings  also  suggest  that  a 
detailed  analysis  may  enable  hydropower  developers  to  justify  minimum  flow 
releases  which  are  more  favorable  than  those  which  would  be  assisted  based 
on  a  strict  interpretation  of  the  USFWS  generic  policy. 


SECTION  2 


STUDY  OVERVIEW 


2 . 1  AUTHORIZATION 


A  request  for  proposals  (RFP)  was  Issued  by  the  New  England  River  Basins 
Commission  (NERBC)  on  January  12,  1981,  with  proposals  due  on  January  30, 
1981.  ®ie  submitted  proposals  were  evaluated  by  NERBC,  the  U.S.  Department 
of  Energy,  and  the  U.S.  Fish  and  Wildlife  Service.  International 
Engineering  Company  (IECO)  of  Darien,  Connecticut,  was  selected.  IECO 
signed  a  contract  with  NERBC  and  proceeded  with  the  project  on  February  20, 
1981. 


2.2  OBJECTIVES 


As  presented  in  the  RFP,  the  project  had  three  basic  objectives.  The  first 
objective  was  to  determine  the  range  and  type  of  streamflow  diversions 
being  considered  for  hydroelectric  projects  under  development  in  New 
England.  The  second  objective  was  to  assess  the  interrelationship  between 
various  minimum  flow  policies  and  energy  generation  at  representative  hydro 
projects  through  the  use  of  case  studies.  The  third  objective  was  to 
identify  alternative  measures  for  complying  with  minimum  flow  requirements 
while  minimizing  negative  impacts  upon  project  feasibility. 

2.3  BACKGROUND 


The  resurgence  in  interest  in  the  development  of  hydroelectric  generating 
facilities  in  New  England  has  been  accompanied  by  the  requirements  of 
certain  regulatory  agencies  for  specified  minimum  flow  releases,  also  known 
as  instream  releases.  These  releases  are  intended  to  limit  the  impacts  of 
hydroelectric  power  operations  on: 

e  downstream  assimilation  of  wastes,  especially  where  large 

investments  have  been  made  or  are  planned  for  industrial  and 
municipal  waste  treatment; 

e  indigenous  freshwater  and  anadromous  fish  species,  which  require 
maintenance  of  flow  conditions  for  adequate  migration,  spawning, 
and  juvenile  development; 

e  downstream  recreation  (most  importantly,  white  water  activities 
such  as  canoeing,  rafting,  or  kayaking);  and 

e  streamflow  aesthetics,  particularly  where  downtown  economic 

revitalisation  efforts  are  linked  to  riverine  scenic  attributes. 


Projects  operated  in  a  strictly  run-of -river  mode  without  diversion  of  flow 
through  a  penstock,  canal,  or  long  tailrace  generally  will  not  be  adversely 
impacted  by  minimum  flow  release  requirements.  However,  minimum  flow 
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requirements  will  constrain  storage  and  release  operations  and  will  limit 
the  amount  of  flow  diversion  to  a  powerhouse  sited  downstream  to  gain 
additional  head,  if  some  flow  must  be  released  at  the  base  of  the  dam  as 
well. 

Historically,  the  7Q10  standard,  or  the  lowest  7  consecutive  day  mean  flow 
expected  to  occur  once  every  10  years,  has  been  the  minimum  flow 
requirement  applied  by  state  and  federal  agencies  to  hydroelectric  projects 
where  a  requirement  was  imposed  at  all.  This  standard  is  commonly  used  as 
the  minimum  streamflow  in  the  design  of  municipal  and  industrial  waste 
treatment  facilities  which  discharge  to  rivers. 

The  Hew  England  regional  office  of  the  U.S.  Fish  and  Wildlife  Service  has 
recently  developed  an  interim  minimum  flow  release  policy  known  as  the 
Aquatic  Base  Flow  (ABF).  The  ABF  policy  was  designed  to  provide  an 
instream  release  maintenance  flow  to  protect  anadromous  and  freshwater 
fishery  resources  during  those  periods  of  the  year  considered  critical  to 
migration,  spawning,  and  incubation. 

The  interrelationships  between  these  minimum  flow  release  policies  and  the 
feasibility  of  hydroelectric  generation  has  not  as  yet  been  fully 
examined.  Almost  200  projects  are  proposed  for  FKRC  permitting  or 
licensing  throughout  New  England,  and  the  concern  has  been  expressed  that 
policies  based  on  concepts  such  as  ABF  will  render  most  projects 
economically  infeasible.  However,  proponents  of  these  policies  believe 
that  the  7Q10  criterion  is  not  adequate  to  protect  fishery  resources  and 
that  it  is  incumbent  upon  hydro  developers  to  maintain  adequate  streamflow 
conditions.  They  argue  further  that  if  minimum  flow  requirements  are 
considered  prior  to  the  sizing  of  equipment  or  selection  of  a  design 
configuration,  the  impacts  on  energy  output  and  project  revenues  can  be 
minimized. 

2.4  SCOPE 

The  project  called  for  the  completion  of  seven  tasks.  Task  1  consisted  of 
conducting  a  survey  of  all  FERC  permit  and  license  applications,  DOE 
feasibility  studies,  and  DOE  loan  applications  sulaoitted  between  January  1, 
1978  and  January  1,  1981,  for  sites  located  in  the  six  New  England  states. 
Operating  mode  and  flow  diversion  type  and  length  were  to  be  identified  for 
each  project.  The  survey  would  result  in  an  inventory  of  active  sites. 

Task  2  consisted  of  selecting  15  sites,  from  the  inventory  assembled  in 
Task  1,  for  case  study  analysis.  Task  3  required  the  development  of  a 
range  of  minimum  flow  requirements  for  each  case  study  site.  Task  4 
consisted  of  determining  the  optimum  installed  capacity  for  each  case  study 
site  under  each  minim  vat  flow  policy.  The  results  of  Task  4  were  summarized 
under  Task  5.  Generic  measures  of  compliance  were  identified  under  Task 
6.  The  results  of  the  study  are  presented  in  this  report,  fulfilling  Task 
7  and  the  contract. 
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2.5  LIMITATIONS  OF  THE  STUDY 


Due  to  the  time  and  budgetary  constraints  of  this  project,  the  scope  was 
very  narrowly  defined.  All  viewpoints  concerning  minimum  flow  release 
policy  could  not  be  addressed.  The  approach  of  the  study  was  to  determine 
the  effects  of  minimum  flow  policies  upon  hydro  development  and  not  the 
effects  of  hydro  development  upon  the  rivers  of  New  England.  No  attempt 
was  made  to  determine  the  benefits  to  the  environment  derived  from  the 
various  policies.  Therefore,  the  only  benefits  that  were  credited  to  the 
case  study  projects  are  the  energy  generation  benefits. 

The  survey  of  active  hydro  sites  is  as  accurate  as  available  data  will 
allow.  Preliminary  permit  applications  are  usually  filed  before  any 
feasibility  study  has  been  completed.  For  this  reason,  the  information  in 
the  permit  applications  is  inaccurate  in  many  cases;  hence,  information  in 
the  survey  is  not  totally  accurate.  The  survey  data  were  verified  via 
telephone  conversations  with  the  owner  or  engineer,  except  in  those  cases 
where  the  owner  refused  to  confirm  the  information.  Nonetheless,  the 
inventory  and  the  analysis  of  it  are  not  absolutely  accurate. 

A  major  limitation  of  the  study  is  the  manner  in  which  the  ABF  releases 
were  applied  to  the  case  study  sites.  For  study  purposes,  all  sites  were 
treated  as  though  significant  fisheries  resources  were  involved.  However, 
not  all  sites  have  significant  fisheries  resources;  and  FWS  would  not 
require  the  ABF,  as  presented  herein,  at  those  sites. 
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INVENTORY  OF  ACTIVE  SITES 


3.1  STUDY  METHODOLOGY 


As  part  of  its  contract  with  NERBC,  I ECO  prepared  an  inventory  of  active 
hydroelectric  generation  sites  in  New  England.  Active  sites  were  defined 
as  those  sites  for  which  either  outstanding  preliminary  permits  or 
applications  for  preliminary  permits,  licenses,  or  exemptions  are  on  file 
with  FERC;  or  for  which  applications  have  been  made  to  DOE  for  a 
feasibility  study  or  licensing  loan.  Riose  projects  already  licensed  were 
excluded.  Sites  for  which  competing  applications  have  been  filed  were  also 
identified.  The  application  for  a  site  accepted  earliest  by  FERC  has  been 
used  for  purposes  of  this  study  as  the  proposed  development. 

The  first  step  in  preparing  the  inventory  was  to  design  a  one-page  data 
sheet,  which  IECO  engineers  could  use  to  guide  and  record  their  research 
efforts.  A  blank  data  sheet  is  presented  as  Figure  3-1.  Use  of  the  data 
sheet  ensured  a  consistent  approach  to  the  data  acquisition  effort.  The 
data  sheet  was  approved  by  the  NERBC  Program  Manager  prior  to  survey 
completion. 

Using  the  data  sheet,  IECO  engineers  searched  the  files  of  the  New  York 
regional  office  of  the  Federal  Energy  Regulatory  Commission  (FERC).  Data 
sheets  were  completed  from  each  application  submitted  to  that  office 
between  January  1,  1978,  and  January  1,  1981.  If  an  application  for  a 
preliminary  permit,  exemption,  or  license  included  more  than  one  site,  a 
data  sheet  was  prepared  for  each  site. 

The  Region  I  office  of  the  U.S.  Department  of  Energy  (DOE)  also  assisted  in 
completing  the  inventory.  A  list  of  all  sites  for  which  applications  for  a 
feasibility  study  loan  or  licensing  loan  had  been  made  during  the 
applicable  period  was  provided  to  IECO.  The  list  was  cross-checked  against 
the  FERC  list  of  sites,  and  a  data  sheet  was  prepared  for  each  site  not 
represented  on  the  FERC  list. 

The  data  in  the  inventory  was  based,  for  the  most  part,  on  information 
contained  in  FERC  preliminary  permit  applications.  Often,  the  information 
that  appears  in  a  typical  permit  application  is  not  an  accurate 
representation  of  the  final  hydro  development.  Information  is  sketchy 
because  a  feasibility  study  has  not  yet  been  prepared.  Many  of  the  figures 
are  estimates.  Terminology,  such  as  run-of -river ,  varies  in  meaning  from 
one  developer  to  the  next.  Although  attempts  were  made  to  verify  all 
information  contained  in  the  survey,  inaccuracies  still  cocist. 

Using  the  data  sheets,  a  preliminary  list  of  sites  was  prepared  (the 
inventory)  and  was  presented  to  NERBC.  IECO  engineers  attempted  to  fill  in 
missing  data  and  confirm  the  information  in  the  inventory  by  contacting 
site  owners  or  developers  by  telephone.  This  effort  was,  for  the  most 
part,  successful.  The  final  inventory  was  then  prepared. 


A  total  of  194  active  hydro  sites  in  New  England  was  identified  for  which 
210  applications  had  been  filed.  The  194  sites  were  categorized  in  the 
inventory  by  developer  type,  dam  type,  feet  of  head,  capacity,  operating 
mode,  and  length  of  diversion  as  shown  in  Table  3-1.  Table  3-2  is  a 
summary  of  this  information.  Other  applications  for  the  same  site  are 
identified  in  Table  3-1  by  an  asterisk  and  are  not  been  included  in  the 
results  presented  in  Table  3-2. 

Private  developers  have  filed  a  large  percentage  of  the  permit,  license, 
and  loan  applications  (66  percent),  nils  reflects  the  many  incentives  for 
private  hydro  development,  such  as  tax  treatment  and  PURPA  rates.  However, 
many  of  those  categorized  as  private  and  public  developers  are  private  and 
public  utilities.  This  reflects  the  interest  in  hydro  which  utilities  have. 

The  large  percentage  of  proposed  hydro  developments  involving  existing  dams 
reflects  the  large  number  of  dams  in  Mew  England  and  the  difficulty  small 
hydro  has  in  supporting  new  dam  construction  due  to  the  high  capital  cost 
and  relatively  low  annual  energy  that  can  be  generated  at  a  small  site. 

The  analyses  of  head  and  capacity  indicate  that  most  sites  have  less  than 
100  feet  of  head  and  that  few  sites  can  support  more  than  5,000  klf  of 
installed  capacity. 

Operating  mode  and  diversion  length  are  the  most  critical  items  relative  to 
minimum  flow  releases.  Minimum  flow  releases  have  little  or  no  impact  upon 
sites  that  operate  in  the  run-of -river  mode  and  have  no  diversions.  Only 
20  percent  of  all  sites  have  no  diversion.  Even  if  all  20  percent  are 
run-of -river  sites,  the  potential  occurrence  of  conflicts  is  about 
80  percent;  that  is,  at  80  percent  of  the  sites  proposed  for  development, 
the  potential  exists  for  conflict  between  hydro  development  and  minimum 
flow  requirements. 

If  minimum  flow  releases  were  allowed  to  be  made  within  300  feet  of  the 
dam,  the  conflict  incidence  would  decrease.  Sites  that  have  diversions 
less  than  or  equal  to  300  feet  account  for  46  percent  of  all  sites.  This 
reduces  the  conflict  incidence  to  about  54  percent  of  all  sites. 

Fifteen  percent  of  all  sites  are  proposed  as  peaking  facilities.  Peaking 
facilities  conflict  with  minimum  flow  requirements  due  to  the 
store-and-release  nature  of  this  mode  of  operation.  The  store  phase 
eliminates  or  drastically  reduces  flow  in  the  river  and  the  release  phase 
can  result  in  very  high  velocities  in  the  river. 
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Table  3-1 


INVENTORY  OF  ACTIVE  HYDRO  SITES 
CONNECTICUT 


PKOjtCT 

RIVER 

FERC 

.NU* 

FERC 

sialic 

DEV. 

CAT. 

TYPE 

QAM 

HEAD 

JO- 

installed 

CAPACITY  KW 

OPERATION 
_ OWL- 

PENSTOCK 

LtHOTH 

HEADRACE 

LEN6TH 

TAILRACE 

LENGTH 

DERbY 

Housatonic 

2996 

PON  UU 

PRI-UT 

EXIST 

26 

8.000 

RON 

0 

100 

0 

WlNUhOh  LUC Kb 

Connecticut 

i049 

PAIi 

PKl-NOh 

EXIST 

J.QOO 

kOK 

27.980 

WAREHOUSE  POINT* 

Connecticut 

3183 

PAP  U 

PRi-UT 

New 

SO.OOO 

KOR 

M.600 

CUOOWIN 

Farhinston 

3270 

PAN  UU 

PKI-NON 

Exist 

110 

J.200 

KOK 

300 

COLEBkOUK 

Farminston 

3270 

PAN  UO 

PKi-NON 

Exist 

COLLlNb  uPPtk 

Farhinston 

3271 

Pan  uu 

PKi-hON 

Exist 

200 

J.000 

kOK 

COL Li NS  LOWER 

FaRMI N6T0N 

3271 

PAN  UO 

Pkl-NON 

exist 

200 

J.000 

KOR 

TAKiFKVlLLfc 

Farmington 

i32H 

PAi«  U 

FKI-OT 

exist 

JO 

l.SOO 

KOK 

0 

0 

0 

WEST 

ThUMPboH  lake 

Uuinebaug 

3424 

PAh  UU 

PKl-NCN 

exist 

MS 

2.260 

kuk 

900 

0 

so 

THOMASTON 

Naugatuck 

3425 

PaN  UO 

PRX-NON 

Exist 

2.750 

ROR 

500 

0 

ISO 

NANbFItLO  HOLLOW 

NAUGATUCK 

3%b 

PAw  UO 

Phi-NON 

Exist 

M2 

2.000 

ROK 

500 

0 

ISO 

WYRE  WYNO 

UUINEBAUG 

3472 

PAP 

PRI-NON 

Exist 

19 

1.200 

KOR 

UOlNEbAUO 

Uuinebaug 

3b4b 

PAw  UO 

PKi-NON 

Exist 

JO 

l.MbO 

ROk 

WAUREGAN  MILLS 
EAGLtViLLL 
FALLS  MILLS 
UHLtNNoOGS 
ASHLARS  PONS 


KEY  t 

•  -  LOHPEUNS  application 

FERC  STATUS 

Eak  -  Exemption  application  Rejected 

esh  -  Exemption  application  penoins 

man  -  majok  license-application  Pemoins  mon-Public 

map  -  Majon  license-application  Penoins  Public 

na«  -  mi non  license-application  Penoins  non-Puslic 

nap  -  minon  license-application  Penoins  Public 

Pan  -  Penmit  application  Penoins  Non-Public 

Pap  -  Penmit  Application  Penoins  Public 

Psn  -  Penmit  application  sotstanoins  non-Pubiic 

pop  -  penmit  application  sotstanoins  Public 


hvukls  -  Joint >  Phivate  ano  Public 
PHi-NON  -  Pnivate  Non  utility 
Phi-ui  -  Pnivate  utility 
psb-Nsn  -  Pubiic  Non  utility 
Pub-uT  -  Pnivate  utility 

operation  muse 

P  -  PE  AKINS  OPERATION 

Ps  Pumped  storase  Operation 
non  -  Run  or  riven  operation 
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Table  3-1 


INVENTORY  OF  ACTIVE  HYDRO  SITES  (Continued) 
MAINE 


PROJECT 

KiVLK 

FERC 

NO. 

FtRC 

SI41US 

OEV. 

CAT. 

NORTH  ANSON 

CAHHABASSET 

2830 

POP 

0 

PGB-OT 

CAhRABASSLTT 

Carrabasset 

2830 

POP 

U 

PUB-UT 

MADiSUN 

Kennebec 

2830 

POP 

u 

PUB-Cl 

tilG  SANDY 

Sib  Sandy 

2830 

POP 

u 

PUB-UT 

SLMtkbtl 

Bib  Sandy 

2830 

POP 

0 

PUb-Ul 

MASAKD1S 

Aroostook 

305/ 

PON 

u 

PKI-UT 

CAST It  HILL 

Aroostook 

3057 

PON 

u 

Pkl -Ul 

GORDON  FALLS 

Mattauankeas 

3236 

PON 

u 

Pkl -NON 

AhCHtb 

west  Branch 

Pe nobscot 

3237 

PAN 

0 

Pkl-WJh 

MARSH  1SLAN0 

Penobscot 

3238 

PAN 

u 

Pkl -NON 

BASIN  MILLS* 

Penobscot 

332s 

PAh. 

u 

Pkl-NON 

UORUMBO  MILLS 

AN0ROSC066IN 

3428 

PAN 

DO 

Pkl -NOR 

gkla:  works 

CHEAT  WORKS 

3444 

PAW 

00 

Pkl-cU. 

oPPtk 

BAKKtR’S  MILL 

little 

Andhoscobbin 

3562 

PAW 

u 

HKI -NON 

PEJEBSCOT 

Andhoscobbin 

3631 

PAN 

PKI-NON 

benTon  falls 

Sebasticook 

3632 

PAW 

0 

Pkl-NON 

EAST  MACHIAS 

last  machias 

3688 

NAN 

UD 

PUB-HON 

BIO  A* 

West  Branch 
Penobscot 

3775 

PAW 

u 

Pkl-NON 

SEBtC 

Sebec 

3753 

PAN 

UD 

Pkl -NON 

LiTTLEFikLO 

little 

andhoscobbin 

3935 

PAw 

0 

Pkl -WIN 

SWIFT  RIVER 

Penobscot 

3986 

PAN 

0 

Pkl -NON 

A^ISOOHOS* 

masauoway 

4013 

PAW 

UD 

Pki-NOtt 

UPPER  DAM 

Moqselook- 

Mesuntic 

4022 

PAw 

00 

Pkl-UT 

RARGELEY 

Hanseley 

4023 

PAN 

UD 

Pki-ui 

AUSCOHOS 

MA6ALL0WAY 

4026 

PAW 

DO 

Pkl-Ul 

MIDDLE  DAM 

Rapid 

4027 

PAN 

UD 

Pkl-UI 

SACO  falls 
SMELT  HILL 


TYPE 

PAH 

HEAU 

FT 

INSTALLED 
CAPACITY  KW 

OPERATION 

NODE 

PENSTOCK 

LENGTH 

HEAOHACE 

LENGTH 

TAILRACE 

LENGTH 

new 

30 

6.600 

KOk 

new 

67 

12.000 

ROR 

New 

26 

16.000 

KDR 

tXIST 

MO 

10.000 

ROR 

New 

92 

22.600 

ROR 

New 

90 

10.000 

P 

0 

0 

10 

New 

60 

18.000 

P 

0 

0 

10 

new 

MO 

16.900 

ROk 

0 

0 

260 

new 

90 

33.600 

ROR 

M.500 

0 

0 

new 

29.600 

ROR 

0 

0 

0 

New 

26 

30.000 

kOh 

0 

0 

50 

Exist 

33 

IN. 000 

ROR 

0 

100 

500 

exist 

300 

ROK 

260 

0 

0 

Exist 

26 

960 

ROR 

6 

0 

0 

Exist 

22 

10.000 

ROR 

0 

50 

0 

Exist 

26 

2.800 

ROR 

260 

160 

Exist 

2M 

1.500 

ROR 

1.100 

Exist 

137 

3N.100 

ROk 

7.000 

0 

0 

Exist 

1.000 

ROR 

850 

0 

0 

Exist 

21 

1.000 

KOk 

0 

0 

0 

Exist 

1M. 

5  13.000 

Rim 

exist 

66 

1.600 

ROR 

0 

0 

0 

Exist 

16 

1.500 

ROR 

0 

0 

U 

Exist 

7. 

5  300 

ROR 

0 

0 

0 

Exist 

Ml 

2.5UO 

kOh 

0 

0 

0 

Exist 

1M 

1.600 

ROR 

0 

0 

0 

1.360 

1.300 
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Table  3-1 


INVENTORY  OF  ACTIVE  HYDRO  SITES  (Continued) 


PROJECT 

-bait 

RIVER 

FERC 

Mi* 

TEXON 

WESTFIELD 

298b 

CtNlENNlAL  ISLAhO 

CONCORD 

c968 

LITTLEVILLt 

middle  branch 

WESTFIELD 

Mi 

HILLERS  ONt 

millers 

3061 

MILLERS  TWO 

millers 

3061 

MILLERS  THREE 

millers 

3061 

MILLERS  FOUR 

Millers 

3061 

millers  five 

Millers 

3061 

SILVERS  UPPER 

LITTLE 

3103 

STEVENS  LOWER 

LITTLE 

3103 

STILLWATER  BkiUCE 

UEERFIELO 

3123 

WARE 

WARE 

3127 

NATIONAL  UPPER 

SHIFT 

3166 

NATIONAL  LOWER 

Shift 

3166 

MAULEY  NU.  3 

CONNECTICUT 

3283 

NIVERUALE 

Blackstone 

3297 

PLEASANT  STREET 

Charles 

3318 

KN1GHTVILLE 

Westfielo 

3337 

WESTVILLE 

DUINEBAUS 

3339 

BARRE  FALLS 

Ware 

3390 

BINCH  HILL 

millers 

3923 

NEEDHAM 

Charles 

396S 

COLLINS 

Chicopee 

3606 

SILK  MILL 

Charles 

3806 

CIRCULAR 

WEHEANTIC 

3806 

TREMONT 

3899 

AME5BURY 

CHARLES  RIVER 
BASIN 

MIUOLEBORO 

CRYSTAL  LAKE 

CHICOPEE 


MASSACHUSETTS 


FERC 

DEV. 

TYPE 

HEAD 

INSTALLED 

STAlUb 

CAT . 

UAH 

_EJL 

CAPACITY  kw 

PON 

FRI-NON 

Eaist 

28. 

6  1.360 

PON  00 

Pkl-NON 

Exist 

22 

620 

PUP  00 

PoB-NOh 

exist 

90 

760 

POP  U 

PUB-UT 

NEW 

10 

2.000 

POP  0 

PDB-cl 

Neh 

N5 

9.000 

POP  u 

PUB-OT 

NEH 

20 

1.300 

POP  0 

POB-OI 

NEH 

1.800 

POP  u 

PUB-0 1 

KEH 

2.000 

POP  0 

POB-Ol 

Exist 

10 

0 

pop  u 

PUB-UT 

Exist 

15 

500 

POP  0 

PUB-Ol 

Neh 

58 

11.000 

PON  UD 

PRI  -NOR 

Exist 

N  7 

1.050 

PON  Uu 

PRI-NON 

Exist 

15 

125 

PON  UO 

PR1-N0N 

Exist 

12 

125 

PAP  00 

PUB-ol 

Exist 

52 

96.000 

PON  UO 

PRI-NON 

Exist 

10 

28U 

PON  00 

PRI -NON 

Exist 

10 

250 

PAN  00 

PRI-NON 

exist 

hn 

3.990 

PAj,  oo 

PRI -NOW 

Exist 

53 

1.530 

PAN  UU 

PRI-NON 

Exist 

78 

1.160 

PAn  uO 

PRI -NON 

exist 

33 

670 

PAN  UU 

PRI-NON 

Exist 

9 

165 

PAP  0 

PUB-UT 

Exist 

IN 

l.OUO 

PAN  UU 

HYBRID 

Exist 

300 

PAN  00 

HYBRID 

Exist 

300 

ESH  UU 

PUB -NON 

Exist 

22 

300 

600 

960 

280 

180 

PUB-UT 

Exist 

26 

2.500 

OPERATION 

_ Hunt _ 

PENSTOCK 

LENOTH 

HEADRACE 

LEltOlH 

TAIlRACt 

LENGTH 

ROR 

0 

36 

50 

ROR 

0 

2.100 

90 

KOK 

900 

0 

0 

ROR 

0 

2000 

0 

kUR 


ROk 

kuk 

kuk 


P 

0 

0 

0 

P 

0 

0 

0 

HUH 

NO 

0 

20 

P 

350 

500 

20 

ROR 

0 

600 

100 

ROR 

0 

930 

200 

ROR 

0 

0 

3.000 

ROR 

0 

100 

1.500 

RUN 

u 

9bO 

100 

ROR 

700 

0 

0 

RUN 

200 

0 

5U 

RUR 

550 

0 

300 

KOK 

N50 

0 

50 

ROR 

0 

0 

0 

KOK 

0 

1.000 

400 

ROR 

KOK 

ROK 

0 

0 

0 

ROR  0  0  SOO 


t. 


Table  3-1 

INVENTORY  OF  ACTIVE  HYDRO  SITES  (Continued) 
NEW  HAMPSHIRE 


PROJECT 

NAME. 

RIVER 

FERC 

-MU. 

FERC 

STATUS 

DEV. 

141. 

TYPE 

JMt) 

HEAD 

_EI_ 

INSTALLED 
CAPACITY  XW 

OPERATION 

PENSTOCK 

-LEUCTtl 

HEADRACE 

LENGTH 

TAILIU 

LEiei 

SURRY  MOUNTAIN 

Ashuelot 

2819 

PON  UD 

PRI-UT 

Exist 

ROR 

383 

798 

0 

GlTtK  BROUN 

utter  Brook 

2819 

PUN  UC 

PRI-01 

Exist 

kOR 

590 

WEST  MILAN 

Ahhonocsuc 

3825 

PON  U 

PRI-NOR 

NEW 

220 

9.000.000 

PS 

KILKENNY 

UPPER 

Ahnonoosuc 

2825 

PON  U 

PR1-R0N 

new 

P0NT00K 

AWROSCOSSI* 

2861 

PON  UD 

PHI -NON 

Exist 

62 

9.800 

NOR 

330 

9.200 

2.000 

MUNAUNOCA 

SUCAR 

2999 

PUP  00 

HYBRID 

Exist 

1.500 

ROk 

SULLIVAN 

SUOAR 

2999 

POP  UU 

HYBRID 

Exist 

1.500 

ROR 

1.800 

0 

30 

layfayette 

SUOAR 

2999 

POP  UU 

HYBRID 

Exist 

1.50U 

kOk 

600 

0 

20 

SEWALL'S  FALLS* 

merrinack 

2965 

PAN  UO 

PHI -NON 

Exist 

16 

9.275 

ROR 

0 

1.200 

0 

CLEMENT 

WINNEPE  SAUKEE 

296b 

PUN  U 

PHI-RUN 

Exist 

1.000 

kOK 

200 

200 

0 

LOCHMERE 

WINNEPESAUKEE 

2982 

PAP  UO 

PHI -NON 

Exist 

16 

800 

ROR 

500 

0 

0 

MURPHY 

CONNECTICUT 

3006 

PAR  00 

PHl-UT 

Exist 

80 

2.000 

ROk 

320 

0 

900 

KELLY'S  FALLS* 

PlSCATAOUOS 

3025 

NAN  UO 

PHI -NOR 

Exist 

29 

1.000 

P 

60 

0 

0 

KtLLY'S  FALLS 

PlSCAT  A0U06 

3Us9 

PAP  UO 

PUB-RUN 

Exist 

22 

500 

ROk 

90 

0 

0 

SEWALL'S  FALLS 

Merrinack 

3090 

PAP-UU 

PU8-N0N 

Exist 

16 

2.850 

ROk 

0 

1.200 

0 

STEELE  PUNU 

north  branch 
Contoocook 

3087 

PAn-uO 

PHI -RON 

Exist 

89 

500 

KOR 

1.600 

0 

50 

FRANKLIN  8 

WINNEPESAUKEE 

3093 

NAN  UO 

1.000 

moure's  falls 

Merrinack 

3099 

PUN  U 

HYBRID 

New 

21.000 

P 

0 

900 

250 

NEWFOUNC 

Neufound 

3107 

NAN  UO 

PHI -NON 

Exist 

90 

1.987 

ROR 

920 

220 

175 

franklin  falls 

WINNEPESAUKEE 

3118 

PAN  UO 

PHI -NON 

Exist 

93 

3.000 

ROk 

5.000 

0 

0 

LOCHMERE* 

WINNEPESAUKEE 

3128 

PAP  UO 

PUB-NON 

Exist 

1.000 

ROk 

500 

60 

0 

RULLINSFUHU 

Salhon  Falls 

3132 

NAr  uc 

Phi -NUN 

Exist 

1.3U0 

ROR 

600 

0 

0 

ERROL 

Anoroscoosin 

3133 

PON  UO 

HYBRID 

Exist 

19 

2.500 

ROk 

0 

160 

0 

FRANKLIN 

WINNEPESAUKEE 

3170 

PAR  UO 

LAKE  FRANCIS 

CONNECTICUT 

3176 

PAP  UO 

PU6-R0R 

Exist 

2.200 

ROk 

360 

0 

600 

WEBSTER  MILL 

SUNCOOK 

3179 

NAN  UO 

PHI -NUN 

exist 

52 

1.860 

ROR 

920 

500 

0 

GREOOS  FAILS 

PlSCATAOUOS 

3180 

PAP  UO 

PUB-RUN 

Exist 

1.500 

ROR 

0 

0 

0 

PEMBROKE 

SUNCOOK 

3185 

PAN  UO 

PRI-NON 

Exist 

ROk 

WEBSTER* 

SUNCOOK 

3185 

par  UO 

Phi -NCR 

Exist 

kOk 

290 

COTTON  MILL 

WINNEPESAUKEE 

3221 

PON  UO 

PRI-NON 

exist 

11.5 

900 

ROk 

15 

0 

0 

suuih  miltun 

Salhon  Falls 

3222 

par 

PHI -RUN 

Exist 

1U 

2.900 

kOk 

9.000 

0 

150 

JACKSON  HILLS 

Nashua 

3225 

NAP  UO 

PUB-NON 

Exist 

21 

1.300 

ROR 

0 

90 

0 

CAMPION 

mao 

3253 

PUN  UC 

PHI -NUN 

exist 

33 

300 

ROR 

600 

0 

20 

ROLFE  CANAL 

Contoocook 

32MO 

PON  U 

PHI -NON 

Exist 

22 

2.200 

ROR 

0 

200 

SEWALL'S  FALLS* 

merrinack 

3259 

PAN  UO 

Phi-OT 

Exist 

15 

9.0U0 

ROk 

0 

1.280 

0 

STEELE  PONO* 

north  branch 
Contoocook 

3265 

PAP  UO 

PUB-NUN 

Exist 

73 

570 

kOR 

1.800 

0 

0 

MILTON  LEATHER 

Salhon  Falls 

3269 

PAN  UD 

PHI -NON 

Exist 

21 

1.900 

ROR 

0 

0 

0 

ashuelot 

Ashuelot 

3289 

PAR 

PHI -RUN 

Exist 

68 

3.100 

MJk 

9.000 

0 

50 

PENACOUK 

CONTOOCOOK 

3299 

PAR 

PRI-NON 

Exist 

1.530 

ROR 

90 

0 

0 

FRANKLIN  FALLS 

Penisenasset 

3301 

PUN 

PHI -RUN 

Exist 

85 

5.000 

NOR 

1.750 

0 

0 

'SORRY  MOUNTAIN* 

ashuelot 

3302 

PAN 

PRI-NON 

Exist 

1.980 

ROR 

1.900 

0 

0 

BLACK  WATER 

BLACKMATER 

3303 

PAN 

PHI-NUN 

Exist 

30 

993 

ROR 

0 

0 

0 

NASH  MILL 

Ashuelot 

3309 

PON  UO 

PHI -NON 

New 

55 

50 

ROR 

1.500 

0 

0 

LAMPORT 

WINNEPESAUKEE 

3312 

PAP  UO 

PUB-RUN 

Exist 

10 

320 

KOk 

0 

0 

60 

Table  3-1 


INVENTORY  OF  ACTIVE  HYDRO  SITES  (Continued) 
NEW  HAMPSHIRE  (Continued) 


PROJECT 

WtH 

FERC 
JHl * 

FERL 

SIAllA 

OEV. 

LAI. 

type 

MB 

HEAO 

_£I_ 

INSTALLED 
CAPACITY  KU 

OPERATION 
_ H 

PENSTOCK 

LENGTH 

HEADRACE 

LENGTH 

1AILRACE 

LENGTH 

CAPIAN 

Sugar 

3320 

PAN  UO 

PRI-NON 

Exist 

150 

ROR 

InTEKNAI  ICNAL 

SHOE 

Sugar 

3320 

PAh  ou 

PR1-N0N 

Exist 

180 

ROR 

BROMPTON 

Sugar 

3320 

PAN  UO 

PRI-NON 

Exist 

120 

ROH 

PEHAtOOK  LOWER 

LONTOOCOOK 

3342 

PAN  UU 

PRI-NOn 

Exist 

3.000 

ROR 

0 

U 

MSO 

PENACOOK  UPPtR 

LONTOOCOOK 

334j 

PAN  UO 

PRI-NON 

Exist 

2.200 

ROR 

0 

0 

2S0 

PENAcUOK 

LONTOOCOOK 

3402 

PAi«  Ul> 

PRI-NON 

Exist 

1.060 

ROR 

2900 

0 

100 

EVERETT 

LONTOOCOOK 

34c6 

PAN  UO 

PRI-NON 

Exist 

34 

215 

ROR 

1200 

0 

0 

HOPKlNToN 

PISCATA0U06 

PAn  uo 

PRI-NON 

Exist 

BOO 

ROR 

1J5U 

0 

S7S 

MINE  FAILS 

Nashua 

3442 

POP  uo 

PUB-NON 

Exist 

32 

1.360 

ROR 

500 

0 

0 

LP  STEVtNS 

NINNEPESAUKEE 

3454 

pan 

PR1- 

492 

LISBON 

Annonoosuc 

3464 

PRI-NON 

Exist 

B50 

ROR 

0 

200 

SO 

PtNhioHUCK 

SOUHCGAN 

.>561 

PRI-NON 

Exist 

21 

471 

KUR 

0 

200 

0 

LIVERMORE  FALLS 

Penigehasset 

3572 

PAN  U 

PRI-NON 

Exist 

37 

1.400 

ROR 

0 

0 

0 

BRANCH  RIVER  MILL 

BRANCH 

3615 

PAN 

PRI-NON 

Exist 

30 

ROR 

0 

0 

0 

NOONE  MILLS 

LONTOOCOOK 

361b 

PAN  UO 

Pkl-NON 

Exist 

21 

280 

ROR 

0 

0 

0 

franklin  mills 

NINNEPESAUKEE 

s7bO 

NAn  uO 

PHI -HUH 

Exist 

27 

1.250 

ROR 

800 

0 

0 

ROLLINSFORD* 

Salmon  Falls 

3 777 

NAP  Ub 

PUB-NON 

Exist 

45 

1.490 

ROR 

600 

30 

0 

salmon  FALLS 

Salmon  Falls 

3B2U 

NAn  Ob 

PRI-NON 

Exist 

62 

1.500 

ROR 

500 

1650 

100 

GILES  JOLEZ 

Sal  non  brook 

382* 

PAN  UU 

PRI-NON 

Exist 

92 

350 

ROR 

1.000 

0 

so 

SOUTH  MILTON* 

Salmon  Fails 

■>9b4 

ESH  00 

PKi-NON 

Exist 

102 

1.000 

KUk 

3. BOO 

0 

ISO 

NORTH  ROCHESTER* 

Salmon  Falls 

39BS 

ESH  UO 

pki-non 

Exist 

25 

250 

ROR 

0 

1.000 

1.000 

Sugar  river 

a.  SOU 

WOOOSVILLE 

500 

HOSitRY  MILL 

LONTOOCOOK 

PUb-!»LH» 

exist 

23 

1.000 

ROR 

0 

0 

270 

PISCATAQUA  RIVER 

4.000 

Tidal 

LINCOLN 

2.200 

LOWER  ROBERTSON 

1.400 

BtTHLtHth  hit*  FAkM 

750 
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Table  3-1 

INVENTORY  OF  ACTIVE  HYDRO  SITES  ( Continued } 
RHODE  ISLAND 


PROJECT 

RIVER 

FEHC 

-MU* 

FERC 

STATUS 

DEV. 

OAT. 

TYPE 

-DAB 

HEAD 

_£I_ 

INSTALLED 

CtfACm-lM 

OPERATION 

HUUL 

PENSTOCK 

LUfiTH 

HEADRACE 

-UMC1H 

TAILRACE 

LENCTH 

BRADFORD 

SOUTH  BRANCH 
Paucatuck 

2874 

PON  UO 

pri-nor 

EXIST 

8 

213 

RO R 

0 

ANTHONY  POND 

South  Branch 
Pahtuut 

3007 

PON  00 

PRI-NON 

Exist 

14 

0 

RON 

0 

0 

0 

QUIONICK  UPPER 

South  Branch 
Pahtuxit 

3008 

PON  00 

PHI -NON 

Exist 

150 

KUR 

0 

650 

570 

CROMPTON  UPPER 

South  Branch 
Pahtuxit 

exist 

10 

85 

ROK 

0 

4.000 

10 

CROMPTON  LOWER 

South  branch 
Pahtuxit 

SOUS 

PON  UO 

PRI-NON 

Exist 

IB 

185 

ROR 

0 

2500 

100 

CENTERVILLE 

South  Branch 
Pahtuxit 

>010 

PON  UO 

PRI-NON 

Exist 

20 

220 

ROK 

0 

ARCTIC 

South  Branch 
Pahtuict 

soil 

PON  00 

PKI-N ON 

exist 

28 

310 

RON 

0 

R1VERP01NT 

South  branch 
Pahtuut 

3012 

PON  UO 

PRI-NON 

Exist 

27 

300 

ROR 

0 

NATICK  PONO 

Pahtuut 

J01 3 

PON  UO 

PRI-NON 

Exist 

30 

260 

ROR 

ELUAbETH 

Blackstoni 

30  s/ 

NAh  UO 

PRI-NUN 

exist 

9.5  670 

RON 

0 

40 

250 

CENTRAL  FALLS 

Blackstonc 

3063 

NAN  UD 

PRI-NON 

Exist 

14 

800 

ROR 

0 

300 

1.200 

(jKISUOLO 

Pahcatuca 

326B 

PUN  UO 

PHI -NON 

Exist 

12 

500 

ROR 

0 

2000 

2.000 

HUNT'S  MILL 

Ten  Mm 

3431 

PAP  UU 

POB-NON 

Exist 

34 

280 

ROR 

2200 

0 

100 

STAMINA  MILL 

Branch 

3531 

PAh  00 

PRI-NON 

EXIST 

15 

237 

KOR 

0 

0 

0 

TURNEk  RESERVOIR  28i 
HAKR1SVILLE  22 0 
MANVILLE  1.240 
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Table  3-1 

INVENTORY  OF  ACTIVE  HYDRO  SITES  (Continued) 
VERMONT 


PROJECT 

NAME 

hlitti 

FERC 

-Mu 

FEkt 

SI  All* 

DEV. 

OAT. 

TYPE 

-USE 

HEAD 

_LL 

IN5TALLE0 
CAPACITY  KM 

OPERATION 

nwt- 

PENSTOCK 

LENGTH 

iic  AO  RACE 
UMiHL 

tailrac 

-UMilb 

HAWKS  MOUNTAIN 

Black 

2750 

MAP  U 

PU8-N0N 

new 

155 

15.500 

p 

800 

0 

0 

COVEKEO  BRIOGt 

black 

27SO 

MAP  0 

PUB-NON 

new 

30 

3.100 

p 

U 

0 

0 

TOLIES  HILL 

Black 

2750 

MAP  U 

PUB-ROR 

Exist 

30 

3.100 

p 

0 

50 

120 

OILMAN 

black 

2750 

MAP  u 

PuB-NGN 

new 

30 

3.100 

p 

170 

U 

75 

COMPTU  FALLS 

black 

2750 

MAP  U 

PUB-NOR 

Exist 

30 

3.100 

p 

70 

0 

0 

LOVE  JOT 

black 

2750 

MAP  U 

PUB-liGN 

EXIST 

30 

3.100 

p 

900 

0 

0 

CHACE  MILL 

Winooski 

2756 

MAN  uu 

PUB-UT 

Exist 

56 

13.000 

kOR 

2.000 

0 

0 

tAST  GEORGIA 

lahoiilc 

276c 

MAN  b 

PR1-0T 

new 

52 

15.000 

P 

0 

0 

0 

NORTH  HARTLANO 

Ottauoueche 

2816 

MAN  Ub 

PUB-UT 

Exist 

58 

5.000 

P 

570 

0 

500 

ONION  VILLAGE 

Ohpohpanoosac 

281B 

PON  00 

Pkl-Ul 

Exist 

BALL  MOUNTAIN 

WEST 

2838 

POP  UU 

PU8-H0R 

Exist 

25 

20.000 

P 

TUWNSHENG 

black 

2838 

POP  00 

PUB-ROR 

Exist 

25 

5.000 

P 

WEST  DUMMERSTON 

WEST 

2838 

POP  UO 

PUB-NOR 

exist 

2b 

1.000 

P 

0 

0 

0 

WORTH 

BRANCH  BROOK 

north  Branch 
Brook 

2838 

POP  00 

PUB-ROR 

New 

1.000 

P 

5.200 

ROCK  RIVER 

Rock 

2838 

POP  00 

PUB-NOR 

New 

i. ooo 

P 

1.900 

0 

0 

HART  ISLANO 

Connecticut 

2855 

POP  0 

PUB-RUN 

Exist 

25 

15.000 

KOR 

NORTH  SPRINGFIELU 

black 

2872 

POP  00 

PUB-NON 

Exist 

18 

1.000 

p 

1.000 

50 

100 

BOLTON  FALLS 

WINOOSKI 

2875 

MAN  Ob 

Phl-OT 

Exist 

6.500 

kOk 

100 

0 

600 

SAXTONS  RIVER 

Sakton 

2853 

NAN  U 

PRI-NON 

new 

70 

1.500 

P 

960 

0 

60 

JAV  BRANCH 

MISSISOUOI 

2905 

PON  0 

PUB-Ul 

New 

166 

2c.  000 

P 

2.000 

0 

200 

NORTH  TROY 

MISSISOUOI 

2905 

PON  U 

PUB-UT 

Exist 

22 

500 

ROR 

2.000 

50 

ENOSBUKG  FALLS 

MISSISOUOI 

2505 

PON  b 

PUB-UT 

Exist 

20 

2.600 

KOR 

0 

120 

200 

NORTH  SHELUGN 

MISSISOUOI 

2905 

PON  U 

PUb-UT 

new 

28 

6.000 

P 

0 

0 

200 

SHELDON  SPRINGS 

MISSISOUOI 

2905 

PON  0 

PUB-oT 

Exist 

110 

25.000 

P 

2.600 

0 

100 

HIGHGATE  FALLS 

MISSISOUOI 

2905 

PON  UO 

PUB-UT 

exist 

76 

9.500 

ROk 

FROG  HOLLOW 

otter  Creek 

295/ 

POn  Ob 

PRI-UT 

Exist 

23 

1.500 

KOk 

0 

160 

80 

MORETUWN  8 

Mao 

3020 

PON  UO 

PRI-ROR 

Exist 

51 

900 

ROR 

0 

0 

20 

EAST  BARNETT 

Passuhpsic 

3051 

PUN  UO 

PRI-UT 

Exist 

25 

2.200 

RON 

VAIL  STATION 

Passuhpsic 

3090 

NAP 

PUB-UT 

Exist 

20 

350 

ROR 

0 

0 

0 

AMERICAN  WOOLEN 

WINOOSKI 

3101 

PAP  U 

PUB-NON 

EXIST 

20 

1.200 

ROR 

ioo 

0 

0 

RYEGATE 

Connecticut 

3117 

PON  U 

PRI-NON 

EXIST 

12 

5.000 

RON 

0 

0 

100 

BROCKWAYS  MILLS 

william 

3131 

PON  0 

PRI-RON 

EXIST 

90 

1.000 

RON 

2.000 

0 

0 

OCWEYS  MILL 

OTTAUOUECHEE 

3215 

PAN  UO 

PRI-NON 

Exist 

1.500 

ROR 

100 

0 

0 

EMERY  HILLS 

OTTAUOUECHEE 

3215 

PAN  UO 

PRI-NUR 

EXIST 

750 

RON 

pownal  tanning 

HOOIIC 

3265 

PON  UO 

PRI-NON 

EXIST 

18 

500 

ROR 

110 

0 

0 

DOWNER  MILL 

OTTAUOUECHEE 

3755 

PAN  UO 

PRi-NUN 

EXIST 

29 

800 

ROR 

EMERY  MILLS* 

UTTAUOUECNEE 

3767 

PAN  UO 

PRI-NON 

Exist 

2S 

1.330 

ROR 

DEWEYS  MILL* 

OTTAUOUECHEE 

3768 

PAN  UO 

PRI-UT 

Exist 

2.750 

ROR 

PIONEER  STREET 

WINOOSKI 

3833 

EAR  UO 

300 

HALIFAX 

NORTH  MONTPELIER 
LAOO  OAK 
SAW  T 

BATCMEL06R  MILL 
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Table  3-2 


TYPES  OF  HYDRO  PROJECTS  IN  HEW  ENGLAND 


DBVLOPER  TYPE 

NUMBER 

PERCENT* 

Private  Utility 

19 

11 

Private  Nonutility 

90 

54 

Public  Utility 

24 

14 

Public  Nonutility 

26 

16 

Hybrid 

8 

5 

Unknown 

27 

DAM  TYPE 

Existing 

133 

82 

New 

30 

18 

Unknown 

30 

HEAD 

Less  than  25  feet 

50 

40 

25  feet  -  50  feet 

39 

31 

51  feet  -  100  feet 

28 

22 

Greater  than  100  feet 

9 

7 

Unknown 

69 

CAPACITY 

■  '  V  •» 

'  ’  \  < 

*.  * 

Less  than  500  kW 

50 

27 

500  kW  -  5,000  ktr 

107 

57 

Greater  Than  5,000  kW 

29 

16 

Uhknown 

8 

OPERATING  MODE 

Run-of -river 

136 

83 

Peaking 

24 

15 

Pueped  storage 

2 

1 

Tidal 

1 

1 

Unknown 

31 

DIVERSION  LENGTH 

No  diversion 

27 

20 

1  foot  -  300  feet 

34 

26 

301  feet  -  1,000  feet 

32 

24 

Greater  than  1,000  feet 

39 

30 

Unknown 

62 

•Percentages  shown  are  based  on  the  nuaber  of  projects  in  each 
category  for  which  data  was  available* 
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SECTION  4 


CASS  STUDIES 


4.1  SELECTION  OF  CASS  STUDY  SITES 

The  selection  of  15  sites  for  c ase  study  analysis  was  a  joint  effort  of 
I  SCO,  NS  SBC,  and  the  Project  Management  Team.  IECO  compiled  a  list  of  30 
sites  for  further  study  and  submitted  it  to  NEKBC.  The  sites  recommended 
by  IECO  were  based  on  the  availability  of  necessary  information  and  their 
suitability  relative  to  the  objectives  of  the  study.  Final  selection  of 
the  15  case  study  sites  was  based  upon  the  requests  of  the  Project 
Management  Team,  the  availability  of  information,  and  the  desire  to  have  a 
reasonable  number  of  sites  representative  of  the  various  types  of 
hydropower  projects  being  actively  investigated  in  New  England.  Selection 
of  representative  sites  was  performed  using  a  statistical  breakdown  of  the 
inventory.  The  sites  were  catalogued  by  feet  of  head,  installed  capacity, 
operating  mode,  diversion  length,  and  developer  type.  Sites  were  selected 
from  each  of  the  six  New  England  states. 

4.2  ACQUISITION  OF  DATA 


Following  selection  of  the  15  case  study  sites,  IECO  engineers  identified 
the  information  that  would  be  needed  to  complete  the  analysis  of  each 
site.  The  NEKBC  Program  Manager  was  then  informed  of  the  data  gaps. 

The  developers  of  each  site  were  contacted  by  telephone  and  a  request  for 
information  was  made.  Some  developers  referred  IECO  to  their  engineering 
consultant;  others  required  written  requests.  Bach  request  was  followed  up 
at  3-  to  7-day  intervals,  allowing  time  for  mail  delivery,  etc.  Some 
developers  were  difficult  to  contact  and  some  were  reluctant  to  cooperate, 
feeling  that  by  providing  information  they  were  fostering  competition  for 
their  site.  These  developers  were  assured  that  IECO  had  no  further 
interest  in  their  site,  but  in  some  cases  their  reluctance  was 
insurmountable . 

The  NEKBC  Program  Manager  assisted  in  this  effort  by  contacting  the  more 
reluctant  developers.  However,  information  concerning  two  sites  could  not 
be  obtained  within  the  time  limits  of  the  project.  For  this  reason,  13 
case  studies  were  completed  rather  than  15. 

When  information  could  not  be  obtained  from  developers  or  from  such 
official  sources  as  FERC  or  DOE,  other  sources  were  used,  such  as  U.S. 
Geological  Survey  (U8G8)  topographic  maps  and  Federal  Insurance 
Administration  flood  insurance  studies,  if  a  particular  item  of 
information  could  not  be  obtained  from  the  sources  listed  above, 
engineering  judgement  was  used  to  make  reasonable  assumptions.  These 
assumptions  were  documented  as  the  work  proceeded. 
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4.3  FLOW  REGIMES 


With  the  endorsement  of  the  Program  Manager,  three  flow  regimes  were  to  be 
examined  at  each  site:  (1)  no  minimum  flow  release,  (2)  constant  release 
of  the  7Q10  flow  at  the  base  of  the  dam,  and  (3)  constant  release  of  the 
ABF  at  the  base  of  the  dam.  The  7Q10  flow  at  each  site  was  obtained  from 
the  USGS. 

The  FWS  Aquatic  Base  Flow  policy  is,  in  essence,  a  site-specific  policy  in 
that  a  determination  is  made  by  FWS  field  offices  as  to  whether  spawning 
and  incubation  flow  releases  should  be  made  during  certain  critical  periods 
of  the  year  in  addition  to  maintenance  of  the  median  August  flow  year 
round.  (See  Appendix  A  for  a  full  statement  of  the  ABF  policy. )  If  no 
fisheries  resources  critical  to  spawning  and  incubation  exist  at  a  site, 
spawning  and  incubation  flow  releases  would  not  be  required.  In  addition, 
periods  for  spawning  and  incubation  are  defined  only  as  "fall/win ter "  and 
"spring"  in  the  FWS  statement  of  policy.  These  would  be  more  narrowly 
defined  by  the  field  offices,  depending  on  the  stream  segment  involved 
(i.e.,  "spring"  for  one  segment  might  mean  April  and  May,  while  for  another 
"spring"  might  be  defined  as  May  and  June). 

The  scope  of  the  study  did  not  allow  a  determination  to  be  made  by  I ECO 
whether  spawning  and  incubation  flows  would  be  required  at  a  site,  or  how 
the  length  of  a  season  over  which  they  would  be  required  would  be  defined. 
The  time  constraints  of  the  study  also  precluded  evaluation  of  the  sites  by 
USFWS  to  provide  this  information. 

A  decision  was  made,  therefore,  to  consider  each  site  with  and  without 
requirements  for  maintenance  of  spawning  and  incubation  releases.  This 
would  provide  a  comparison  of  the  effects  of  an  upper  and  lower  bound  of 
ABF  releases.  The  lower  bound,  called  ABF-1,  would  be  the  smallest  release 
likely  to  be  recommended  by  FWS  pursuant  to  the  agency's  flow 
recommendation  policy,  while  the  upper  bound,  called  ABF-2,  would  be  the 
largest  release  that  could  be  recommended,  if  spawning  and  incubation 
releases  were  found  to  be  necessary.  The  period  for  spawning  was  literally 
defined  as  extending  from  October  through  March  and  that  for  incubation  as 
April  through  June. 

The  ABF  flows  were  thus  determined  for  each  site  in  the  following  manner. 
The  gaging  station  records  were  examined  to  determine  the  number  of  years 
of  record  and  the  extent  of  regulation  and  diversion.  For  sites  with  a 
minimum  of  25  years  of  USGS  gaging  records  and  considered  to  be  essentially 
free  flowing,  the  ABF-1  release  would  be  continuous  throughout  the  year  and 
equal  to  the  median  August  flow.  The  ABF-2  releases  would  be  equivalent  to 
the  historic  median  streamflow  throughout  the  spawning  and  incubation 
periods  as  defined  above. 

For  sites  with  less  than  25  years  of  gaging  records  or  for  rivers  regulated 
by  dams  or  upstream  diversions,  the  ABF-1  release  would  be  constant 
throughout  the  year  and  equal  to  0.5  cubic  feet  per  second  per  square  mile 
(cfsm)  of  drainage  area.  The  ABF-2  release  would  be  equal  to  1.0  cfsm  in 
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January,  February,  and  March;  4.0  cfsm  in  April,  May,  and  June;  0.5  c  turn  in 
July,  August,  and  September;  and  1.0  cfsm,  in  October,  November,  and 
December. 

For  all  cases,  when  the  inflow  iaiediately  upstream  of  a  project  was  less 
than  the  minimum  flow  release  prescribed  for  that  period,  the  release  was 
set  equal  to  the  available  inflow.  The  FWS  would  probably  not  recommend 
the  ABF-2  flows  as  described  herein;  the  spawning  and  incubation  periods 
would  be  more  narrowly  defined  by  FWS. 

Recreational  flows  for  three  sites  were  provided  by  the  Program  Manager  and 
were  also  examined.  Che  of  the  three  sites  was  not  studied  due  to  a  lack 
of  sufficient  information. 

4.4  GENERATION  STUDIES 


Energy  generation  at  a  hydro  site  is  dependent  upon  available  flow  and  the 
corresponding  head.  Through  the  use  of  generation  computer  programs,  I BOO 
engineers  estimated  the  average  annual  energy  production  at  each  case  study 
site  under  each  flow  regime  over  a  range  of  installed  capacities. 

The  first  step  in  performing  the  generation  studies  was  to  develop  flow 
duration  curves  for  each  site.  The  USGS  gaging  station  or  stations  closest 
to  the  project  site  were  identified.  The  mean  daily  flows  at  each  gage  for 
the  period  of  record  were  obtained  directly  from  computer  records 
maintained  by  the  USGS.  This  flow  data  was  used  as  input  to  an  I ECO 
program  that  computes  the  monthly  and  annual  flow  duration  curves,  mean 
monthly  and  annual  flows  for  the  period  of  record,  the  mean  monthly  flow 
for  each  month,  and  the  mean  annual  flow  for  each  calendar  year  and  water 
year. 

To  relate  the  gaging  station  flows  to  the  project  site  flows,  the  gaging 
station  flow  values  were  multiplied  by  a  proration  factor  equal  to  the 
drainage  area  at  the  site  divided  by  the  drainage  area  at  the  gage.  The 
monthly  and  annual  flow  duration  curves  are  used  as  input  to  the  energy 
generation  program.  These  flow  duration  curves  represent  the  hydrologic 
input  into  the  generation  program. 

The  next  step  in  performing  the  generation  studies  was  to  develop  the 
various  Bite-specific  curves,  which  represent  the  head  available  at  the 
plant,  including  headwater,  tailwater,  and  canal  or  penstock  headloss 
curves. 


Headwater  rating  curves  were  developed  by  performing  hydraulic  computations 
to  determine  the  rise  in  pond  elevation  associated  with  increased 
streamflows.  Several  sites  were  found  to  be  fitted  with  crest  control 
gates.  Since  the  plan  of  operation  of  the  gates  was  not  known,  the  pond 
level  was  assumed  to  remain  constant. 

Tailwater  rating  curves  are  a  very  critical  element  in  determining  the  net 
head  on  a  small  hydro  plant.  The  tailwater  effects  on  a  plant  are  often 
underestimated  or  ignored.  I  ECO  was  able  to  obtain  tailwater  curves  for 
several  sites  from  the  owner  or  their  engineer.  Flood  insurance  studies 
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obtained  from  the  Federal  Emergency  Management  Agency  were  used  by  an 
experienced  hydraulic  engineer  to  prepare  tailwater  curves  for  several 
other  sites*  The  level  of  accuracy  of  these  latter  tailwater  curves  is 
acceptable  for  any  appraisal  study* 

Where  no  tailwater  data  were  available,  a  tailwater  rating  curve  was 
estimated  using  tailwater  curves  from  rivers  of  similar  size  and 
configuration  and  applying  engineering  judgement*  The  use  of  these 
tailwater  curves  is  considered  to  be  adequate  for  comparison  purposes* 

For  those  sites  that  have  headrace  canals,  a  headloss  curve  was  confuted. 
The  headloss  curve  represents  the  head  lost  in  the  canal  due  to  friction 
over  a  range  of  flows*  The  headloss  increases  with  the  flow*  No  attempt 
was  made  to  optimize  the  flow  by  considering  canal  configuration  or  linings 
aimed  at  reducing  headloss,  as  this  was  beyond  the  authorized  scope  of  the 
project. 

For  those  sites  that  have  penstocks,  penstock  headloss  curves  were 
generated  internally  by  an  IECO  computer  program*  Penstock  diameters  were 
selected  for  each  installed  capacity  based  on  a  headloss  criterion.  The 
selected  penstock  size  was  not  allowed  to  cause  unacceptable  headloss  at 
the  rated  flow  of  the  turbine.  Clearly,  the  greater  the  headloss  in  the 
penstock,  the  less  energy  generated.  The  penstock  headloss  curve  is 
similar  to  the  canal  headloss  curve  in  that  it  represents  the  head  lost  due 
to  friction  over  a  range  of  flows. 

The  selection  of  a  minimum  installed  capacity  to  be  analyzed  for  each  site 
required  a  consistent  approach.  The  minimum  installed  capacity  for 
analysis  for  each  site  was  selected  by  using  the  90 -percent  exceedence  flow 
on  the  annual  flow  duration  curve  as  the  minimum  allowed  flow  to  generate 
energy  for  the  smallest  turbine  installed.  This  minimum  flow,  taken  as  40 
percent  of  turbine  full-flow,  was  used  with  the  power  equation  to  determine 
the  minimum  installed  capacity.  A  range  of  larger  installed  capacities  was 
selected  for  energy  generation  studies  for  each  site  to  provide  sufficient 
data  to  plot  an  energy  versus  installed  capacity  curve  for  each  flow 
release  regime. 

For  sites  with  diversions,  the  postulated  flow  releases  were  made  at  the 
dam  and  not  through  the  powerhouse.  The  use  of  a  small  turbine  to  generate 
electricity  with  the  various  required  flow  releases  was  considered  at  each 
site. 

Energy  generation  estimates  were  made  using  the  generation  computer  program 
mentioned  previously,  nils  program  determines  the  flow;  selects  the 
associated  headwater  and  tailwater  elevations,  the  headlosses  (if  any);  and 
the  overall  plant  efficiency;  and  then  computes  the  energy.  This  function 
is  performed  many  times,  yielding  average  monthly  and  annual  energy 
generation  values. 

The  use  of  small  turbines  to  generate  energy  using  the  minimum  flow 
releases  was  considered  for  the  case  study  sites.  The  small  turbines  were 
usually  fixed-blade,  horizontal  turbines.  The  fixed  blades  reduce  the  cost 
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of  the  units  and  limit  the  turbine  to  a  specific  operating  flow*  In  the 
case  of  minimum  flow  releases,  this  constant  flow  feature  is  ideally  suited 
to  the  release.  Some  of  the  units  are  actually  pumps,  which  run  in 
reverse,  with  minor  design  modifications  allowing  them  to  run  efficiently 
as  turbines.  Adjustable  blade  turbines  were  also  considered. 

Hie  fixed-blade  units  were  considered  for  all  installations  smaller  than 
1,000  kW.  Standardized,  horizontal,  tubular  units  with  adjustable  runner 
blades  were  considered  for  all  installations  larger  than  100  kW.  Then  the 
most  cost-effective  unit  was  selected  in  the  overlapping  range  between  100 
kW  and  1,000  kW.  The  adjustable-blade  runner  units  are  capable  of  handling 
a  flow  range  of  40  to  105  percent  of  turbine  full  flow  and,  therefore,  have 
wider  application  than  the  fixed-blade  units. 

The  small  turbines  must  be  installed  with  the  minimum  of  civil  work.  The 
quantity  of  energy  that  a  small  turbine  generates  is  not  sufficient  to 
support  a  large  concrete  powerhouse  or  a  penstock  or  tailrace  excavation. 
One  manufacturer  of  very  small  units  (less  than  50  kW)  has  reduced  civil 
work  to  a  minimum  and  the  firm's  sales  representatives  refer  to  the  unit  as 
a  "turbine  in  a  trash  can.”  A  major  American  manufacturer  has  recently 
introduced  a  line  of  mini-turbines  (which  are  basically  pumps  run  in 
reverse)  and  has  installed  a  unit  in  a  concrete  caisson.  The  success  of 
the  operation  has  prompted  the  manufacturer  to  apply  for  a  patent  on  the 
installation  method.  There  are  very  many  small  hydro  equipment 
manufacturers  and  each  has  a  product  with  some  particular  advantage  over 
the  others. 

4.5  COST  ESTIMATES 

Cost  estimates  were  prepared  for  each  case  study  site.  A  separate  cost 
estimate  was  prepared  for  each  installed  capacity  examined  at  each  site. 
Sufficient  information  was  available  for  nearly  half  the  case  study  sites 
to  enable  preparation  of  a  cost  estimate  suitable  for  a  feasibility 
assessment  of  the  project.  This  information  consisted  of  detailed 
construction  quantity  estimates  found  in  FERC  files  or  supplied  by  the 
project  sponsors  or  their  engineers. 

For  several  sites,  quantity  estimates  were  unavailable.  However,  suitable 
site  descriptions  or  inspection  reports  were  available  which  allowed  an 
estimate  of  quantities  to  be  made.  When  quantities  could  not  be  estimated, 
lump  sum  costs  were  estimated  based  upon  the  available  data.  The  lump  sum 
costs  were  estimated  with  the  input  of  several  highly  experienced  hydro 
engineers . 

General  construction  costs  were  based  on  unit  costs  derived  by  the 
construction  estimating  professionals  of  Norrison-Xnudsen  Company,  Inc., 
and  through  the  use  of  cost  curves,  formulas,  and  data  developed  or  updated 
by  IKCO  engineers.  All  costs  were  escalated  to  reflect  Hay  1981  dollars. 

In  most  instances,  turbine -generator  prices  were  based  upon  quotations 
obtained  for  recent  similar  projects.  In  some  cases,  cost  curves  were 
used.  Accessory  electrical  equipment,  miscellaneous  powerplant  equipment, 
switchyard  equipment,  and  transmission  costs  were  based  on  cost  curves. 
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An  allowance  for  contingencies  of  IS  percent  was  applied  to  construction 
costs*  Hie  cost  of  engineering,  administrative,  and  legal/financial 
services  was  estimated  at  20  percent  of  construction  costs  plus 
contingencies.  These  allowances  are  typical  of  those  used  at  the 
feasibility  stage  of  a  hydropower  project.  Interest  and  other  financing 
costs  were  considered  in  the  analysis,  because  they  vary  with  the  type  of 
project  sponsor,  the  financing  method  utilized,  and  changing  market 
conditions . 

4.6  OPTIMIZATION 

Hydroelectric  projects  can  be  optimized  using  different  approaches,  Three 
common  ones  are: 

•  Maximize  economic  installed  capacity.  Capacity  is  added 
until  the  increase  in  the  present  worth  of  benefits  is 
equal  to  the  increase  in  the  present  worth  of  costs.  At 
this  point,  investing  an  additional  dollar  in  installed 
capacity  would  result  in  a  return  on  investment  that  is 
exactly  equal  to  the  investment.  A  greater  investment 
would  result  in  a  return  that  would  be  less  than  the 
additional  amount  invested. 

•  Maximize  the-  internal  rate  of  return.  Install  the 
capacity  that  would  result  in  the  largest  possible 
internal  rate  of  return.  This  is  equivalent  to  installing 
the  capacity  with  the  lowest  capital  cost  per  kilowatt 
hour  of  energy  produced  annually,  all  other  things  being 
equal . 

•  Realize  a  specified  internal  rate  of  return  or  benefit-cost 
ratio .  Capacity  is  added  until  the  total  IRR  or  CBR 
decreases  to  the  minimum  acceptable. 

In  this  study,  the  second  approach  was  used,  as  the  optimum  installed 
capacity  could  be  selected  without  considering  financing  constraints  or  the 
value  of  power.  Hie  capital  cost  per  megawatt  hour  of  each  proposed 
installation  was  determined  by  dividing  the  direct  capital  cost,  computed 
as  described  in  Section  4.5,  by  the  average  annual  energy  which  would  be 
generated  by  that  particular  installation,  computed  as  described  in  Section 
4.4.  This  procedure  was  repeated  for  a  range  of  installed  capacities  for 
the  various  flow  regimes  at  each  site.  The  installation  resulting  in  the 
lowest  capital  cost  per  megawatt-hour  ( $/MUh )  was  selected  as  the  optimum 
installation  for  that  site  and  flow  regime. 

4.7  ECONOMIC  ANALYSES 

Economic  evaluations  of  the  optimum  project  configuration  for  each  selected 
site  were  made  by  comparing  the  anticipated  benefits  and  costs  over  the 
lives  of  the  projects.  Three  methods  of  analysis  were  considered: 


•  Internal  rate  of  return  ( IRR) .  The  discount  rate  at 
which  the  present  worth  of  costs  equals  the  present 
worth  of  benefits  over  the  project  life. 

•  Benefit-cost  ratio  (BCR).  Bie  ratio  of  present  worth  of 
benefits  to  the  present  worth  of  costs  over  the  project 
life  at  a  specified  discount  rate. 

e  Net  present  worth  (NPW).  The  difference  between  the 

present  worth  of  benefits  and  the  present  worth  of  costs 
over  the  project  life  at  a  specified  discount  rate. 


Each  of  these  types  of  analysis  involves  discounting  the  projected  cash 
flow  to  account  for  the  time  value  of  money;  however,  significant 
differences  exist  in  their  application. 

The  IRR  method  is  usually  selected  by  private  developers  as  the  most 
appropriate  method  to  evaluate  hydro  projects,  as  it  gives  them  a  measure 
of  the  return  on  their  investment,  Biis  method  can  be  rather  misleading  as 
to  the  effect  of  negative  cash  flow  and  the  amount  of  capital  actually 
required  to  sustain  a  project  in  the  early  years.  Nonetheless,  it  is 
probably  the  best  method  for  a  developer  to  use,  provided  a  side  evaluation 
is  made  of  the  additional  investments  needed  to  make  up  the  early  deficits 
in  cash  flow. 

The  BCR  method  is  frequently  used  to  evaluate  public  projects.  The  whole 
philosophy  of  public  projects  is  to  formulate  them  so  that  their  benefits 
exceed  their  costs  over  the  expected  life  of  the  project.  The  biggest 
difficulty  with  this  method  is  selecting  an  appropriate  discount  rate  for 
use  in  the  analysis. 

The  NPW  method  is  also  commonly  used  to  compare  the  projected  benefits  and 
costs  of  projects,  both  public  and  private.  However,  this  method  can  be 
quite  misleading  because  it  reports  only  the  absolute  difference  between 
costs  and  benefits  without  relating  it  to  project  costs.  For  example,  a 
project  with  a  net  present  worth  of  one  million  dollars  could  cost  two 
million  or  two  hundred  million  dollars.  Thus,  we  prefer  to  use  the 
benefit-cost  ratio  or  internal  rate  of  return  for  analysis  purposes,  rather 
than  net  present  worth. 

Developers  can  also  use  the  BCR  method  to  evaluate  projects.  If  the 
discount  rate  used  to  determine  the  present  worth  of  the  costs  and  benefits 
is  that  minimum  rate  of  return  acceptable  to  the  developer,  then  a  project 
with  a  benefit-cost  ratio  greater  than  1.0  would  be  attractive  to  the 
developer . 

Economic  evaluations  for  hydroelectric  projects  are  usually  made  by  looking 
at  the  discounted  cash  flow  over  the  life  of  the  project  based  on  some 
assumed  interest  rate  and  terms  of  financing.  However,  prediction  of 
future  interest  rates  is  difficult  in  a  market  that  is  undergoing  the 
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radical  fluctuations  currently  being  experienced.  In  addition,  this 
procedure  violates  one  of  the  principal  rules  of  financial  analysis; 
namely,  that  financing  and  investment  decisions  should  not  be  mixed.  By 
combining  the  two,  an  excellent  project  can  be  made  to  look  unacceptable  by 
bad  financing  or  a  bad  project  made  to  look  good  by  excellent  financing, 
lb  separate  financing  from  economics  in  this  analysis,  the  economic 
evaluation  was  made  by  treating  the  capital  cost  of  the  project  as  a 
one-time  expenditure  that  occurs  when  the  project  comes  on  line,  rather 
than  using  debt  service  as  an  annual  cost.  The  financial  aspects  of  the 
project  were  then  evaluated  by  considering  cash  flow  —  particularly, 
the  number  of  years  of  negative  cash  flow. 

Die  economic  evaluation  of  projects  for  this  study  was  made  using  the  1RR 
method  for  private  developers  and  the  BCR  method  for  public  entities.  The 
following  procedure  was  used: 

e  Annual  operating  costs  were  determined  by  adding  operation 
and  maintenance,  general  and  administration,  insurance, 
taxes,  and  contributions  to  a  sinking  fund  for  renewals 
and  replacements,  and  then  subtracting  depreciation. 

Capital  expenditures  and  tax  credits  were  treated  as 
one-time  annual  costs. 

•  Annual  benefits  for  each  year  were  computed  by  multiplying 
average  annual  energy  production  by  the  anticipated  sale 
rate  in  mills  per  kWh. 

e  The  present  worths  of  costs  and  benefits  were  calculated 
by  discounting  the  annual  amounts  to  present  values. 

e  The  benefit-cost  ratio  was  calculated  by  dividing  the 
cumulative  present  worth  of  benefits  by  the  cumulative 
present  worth  of  costs. 

e  The  internal  rate  of  return  was  determined  by  repeating 
the  calculation  at  various  discount  rates  until  the 
benefit-cost  ratio  was  equal  to  one. 

Economic  evaluations  of  each  of  the  sites  were  prepared  from  two 
perspectives  —  a  tax-exempt  entity,  such  as  a  municipality  or  a 
municipally-owned  utility,  and  a  private  entity,  such  as  a  developer  or  an 
investor-owned  utility. 

Subsections  4.7.1  through  4.7.6  discuss  in  more  detail  the  economic 
criteria  and  parameters  used  in  the  economic  analyses . 

4.7.1  Project  Life 

The  proposed  project  developments  were  analyzed  on  the  basis  of  a  20-year 
economic  life.  Most  utilities  value  small  hydro  projects  solely  for  their 
ability  to  replace  oil-fired  energy.  While  they  recognize  the  projects 
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have  a  useful  life  in  excess  of  20  years,  they  expect  other,  cheaper 
alternatives  to  oil-fired  energy  to  be  available  within  20  years*  The 
actual  life  of  the  project's  civil  features,  such  as  the  dam  and 
powerhouse,  is  often  in  excess  of  50  years*  The  turbine -generator 
equipment  will  probably  require  refurbishing  after  about  30  years,  to  keep 
the  operation  and  maintenance  costs  from  becoming  prohibitive*  Significant 
repairs  and  replacements  of  transmission  and  switchgear  equipment  and  other 
miscellaneous  mechanical  and  electrical  equipment  will  be  required  after  20 
to  30  years*  A  renewals  and  replacements  fund  was  provided  to  cover  the 
cost  of  these  replacements. 

4*7.2  Interest  During  Construction 

For  the  purpose  of  this  study,  it  was  assumed  that  the  permanent  financing 
would  be  put  into  place  at  the  end  of  construction.  Interest  during 
construction  was  calculated  using  a  typical  cash  drawdown  assuming  a  2-year 
construction  schedule  and  calculating  the  interest  between  the  date  of  the 
expenditure  and  project  completion.  The  interest  during  construction  was 
assumed  to  be  12  percent  for  public  entities  and  17  percent  for  private 
entities. 

4.7.3  Escalation 


Future  escalation  of  construction  and  equipment  costs  and  the  value  of 
capacity  and  energy  is  difficult  to  predict.  For  the  purpose  of  this 
study,  the  project  was  assumed  to  be  completed  in  1981,  thus  placing  the 
1981  cost  estimates  in  the  same  time  frame  as  the  1981  power  rates.  An 
average  inflation  rate  of  8  percent  per  year  is  recommended  in  escalating 
these  project  costs  to  any  future  year.  This  rate  will  tend  to  somewhat 
over-escalate  the  costs  of  turbine-generator  equipment,  because  equipment 
vendors  tend  to  escalate  their  prices  prior  to  giving  a  preliminary  price 
quotation.  This  tendency  is  offset  by  the  fact  that  general  construction 
costs  have  escalated  at  a  rate  greater  than  8  percent  during  the  last  few 
years • 


4.7.4  Annual  Project  Costs 

The  annual  operating  costs  of  a  hydroelectric  project  can  be  divided  into 
four  categories:  fixed  costs,  variable  costs,  income  taxes,  and 
depreciation.  The  fixed  costs  consist  of  the  total  capital  expenditure 
required  to  build  the  project,  less  tax  credits.  Variable  costs,  which 
tend  to  increase  at  the  general  inflation  rate,  include  operation  and 
maintenence,  renewals  and  replacements,  administration,  license  fees, 
insurance,  and  property  taxeB.  Income  taxes  includes  state  and  federal 
income  taxes.  Depreciation  is  the  deduction  allowed  for  exhaustion,  wear 
and  tear,  and  obsolescence  of  a  business's  tangible  assets.  Each  of  the 
annual  costs  have  the  following  detailed  descriptions: 

e  Fixed  Costs.  The  total  capital  cost  of  the  project 
(direct  construction  cost  plus  interest  during 
construction)  was  charged  against  the  project  as  a 
one-time  expenditure  in  the  year  in  which  the  project 
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comes  on  line*  Equity  contributions  and  one-time  credits 
were  estimated  for  the  typical  private  developer.  Equity 
was  assumed  to  be  20  percent  of  the  total  capital  cost  of 
the  project,  while  the  Investment  Tax  Credit  of  10  percent 
and  the  Energy  Tax  Credit  of  11  percent  were  assumed  to 
apply  to  85  percent  and  90  percent,  respectively,  of  a 
typical  hydroelectric  project's  capital  costs.  These 
credits  were  assumed  to  be  usable  by  the  owner  the  year 
they  occurred.  The  tax  credits  were  used  to  reduce  the 
cost  of  the  project  rather  than  treated  as  a  benefit. 

e  Variable  Annual  Costs.  Variable  annual  costs  include 
operation  and  maintenance,  general  and  administration, 
insurance,  property  taxes,  and  a  sinking  fund  for  renewals 
and  replacements.  Wiese  costs,  except  for  property  taxes, 
are  estimated  to  be  2  percent  of  the  total  capital  cost  of 
the  project  in  the  first  year.  Property  taxes  were 
assumed  to  be  1.5  percent  of  the  capital  costs.  These 
annual  costs  are  subject  to  escalation  for  the  life  of  the 
project. 

e  Income  Taxes.  Annual  income  taxes  for  the  private 
entities  are  based  on  the  gross  revenues  minus  the 
variable  annual  costs,  interest  on  the  loan,  and 
depreciation.  For  the  purpose  of  this  analysis,  a 
50 -percent  tax  bracket  was  assumed. 

•  Depreciation.  For  simplicity,  depreciable  costs  were 

assumed  to  be  90  percent  of  the  direct  construction  cost. 
Land  and  land  preparation  costs  are,  in  general,  not 
subject  to  depreciation.  Such  nondepreciable  costs  are 
estimated  to  make  up  10  percent  of  the  cost  of  a  typical 
hydroelectric  project.  Forty-year,  straight-line 
depreciation  was  used.  (Depreciation  was  not  applied  to 
the  construction  costs  incurred  by  municipalities  or 
municipally  owned  utilities,  as  they  are  not  subject  to 
income  taxes . ) 

4.7.5  Annual  Benefits 


Annual  benefits  were  assumed  to  be  derived  solely  from  the  sale  of  energy. 
The  amount  of  energy  generated  in  the  average  year  using  the  various  flow 
regimes  was  considered  to  be  available  for  sale  and  to  have  a  buyer • 

The  value  of  power  depends  on  the  purchaser,  the  terms  of  the  sale,  and 
both  state  and  federal  regulations.  The  Public  Utility  Regulatory  Policies 
Act  (PURPA)  of  1978  empowered  FERC  to  prescribe  rules  requiring  utilities 
to  purchase  power  from  and  sell  power  to  small  power  producers  at  "just  and 
reasonable"  rates.  PURPA  rules  were  required  to  be  implemented  by  each 
state  by  March  1981.  While  some  Hew  England  states  have  published  final 
rules,  others  are  still  in  the  process  of  approving  final  rules.  The 
implementation  of  these  rules  and  their  application  to  specific  utilities 
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has  not  been  completed  in  any  New  England  state,  although  New  Hampshire  has 
well  defined  rules  for  projects  under  5  MW  and  Connecticut  and  Rhode  Island 
have  final  rules,  but  are  still  in  the  process  of  defining  rates  for  a  few 
remaining  utilities.  As  of  May  1,  1981,  Massachusetts,  Maine,  and  Vermont 
had  not  yet  issued  final  rules* 

Based  on  the  available  information,  1981  PURPA  rates  for  the  various  New 
England  states  are  estimated  to  be  as  follows: 


Rate 

State  (mills  AWh) 


Connecticut 

56 

nonfirm 

71 

firm 

Massachusetts 

70 

to  80 

Maine 

70 

New  Hampshire 

77 

energy 

82 

reliable 

Rhode  Island 

70 

to  85 

Vermont 

66 

off  peak 

90 

peak 

78 

average 

For  the  private  developer,  the  revenues  expected  from  the  sale  of  power 
under  the  PURPA  regulations  is,  in  general,  insufficient  to  secure  the 
long-term  financing  of  a  hydroelectric  project.  Lenders  usually  require  a 
long-term  power  sales  contract  or  the  pledge  of  other  assets  to  secure  the 
loan* 

Many  utilities  in  New  England  are  responding  to  this  need  by  signing 
contracts  to  puchase  power  based  on  a  percentage  of  their  avoided  costs* 
This  percentage  is  typically  90  percent,  although  some  utilities  will  pay 
the  full  avoided  cost,  ttius,  the  market  value  of  power  today  in  New 
England  ranges  from  50  to  90  millsAWh.  nils  initial  value  of  energy  was 
considered  in  the  analysis. 

4*7.6  Inflation 


The  future  rate  of  inflation  is  difficult  to  predict*  For  the  purpose  of 
this  study,  the  general  level  of  prices  was  assumed  to  escalate  at  an 
average  rate  of  8  percent  per  year  for  the  life  of  the  project.  Energy  was 
assumed  to  escalate  at  11  percent  per  year  for  the  next  ten  years,  and 
8  percent  per  year  thereafter. 

The  rate  of  inflation  used  in  the  analysis  significantly  impacts  the 
results  of  the  analysis.  One  could  argue  that  a  more  conservative,  perhaps 
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more  realistic,  approach  would  be  to  reduce  the  anticipated  rate  of 
inflation  to  zero  or  some  other  small  percentage  after  ten  years#  This 
approach,  however,  would  not  be  consistent  with  the  interest  rates  used  in 
the  financial  evaluation.  In  other  words,  the  high  interest  rates 
borrowers  are  forced  to  pay  today  are  significantly  impacted  by  anticipated 
future  inflation.  Should  inflation  actually  be  reduced  significantly  in 
the  future,  the  borrower  should  be  able  to  refinance  at  a  lower  rate, 
thereby  reducing  his  annual  costs. 

4.8  FINANCIAL  ANALYSIS 


Cash  flow  statements  were  prepared  for  various  combinations  of  interest 
rates,  inflation  rates,  and  energy  values  for  typical  private  and  public 
developers.  The  annual  cash  flow  is  determined  by  subtracting  the  annual 
costs  from  the  annual  benefits.  When  the  annual  costs  of  a  project  exceed 
the  annual  benefits,  a  condition  called  negative  cash  flow  exists;  and 
additional  capital  will  have  to  be  raised  to  make  up  revenue  shortfalls. 

Most  developers  —  both  private  and  public  —  place  limits  on  the 

number  of  years  of  negative  cash  flow  they  will  tolerate.  A  typical  range 

is  0  to  5  years. 

The  following  procedure  was  used  to  calculate  the  annual  costs  and  benefits: 

e  The  annual  operating  costs  were  determined  by  adding  the 
debt  service,  operation  and  maintenance,  general  and 
administration,  insurance,  and  taxes,  and  subtracting 
depreciation  and  tax  credits. 

e  The  annual  benefits  for  each  year  were  computed  by 

multiplying  the  average  annual  energy  production  by  the 
anticipated  sale  rate  in  mills  per  kWh. 

e  The  annual  cash  flow  was  calculated  by  subtracting  the 
annual  costs  from  the  annual  benefits. 


The  annual  debt  service  represents  the  levelized  cost  of  repaying  the 
principal  and  interest  of  the  borrowed  capital.  For  the  example  of  a 
public  entity  financing  the  project,  it  was  assumed  they  would  finance  100% 
of  the  project  costs,  including  interest  during  construction.  Requirements 
for  sinking  funds  normally  associated  with  such  financings  were  ignored,  as 
their  costs  tend  to  be  more  than  offset  by  the  interest  they  generate.  For 
the  private  developer,  it  was  assumed  that  20  percent  of  the  total  project 
costs  would  be  provided  as  an  equity  investment  and  the  remaining  80 
percent  would  be  financed  with  a  conventional  long-term  loan. 
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Interest  rates  and  term  of  loans  selected  for  the  example  calculations  were 
as  follows: 


Financing  Entity  ligulty 

Public  0 

Private  20% 


Term  of 
Loan 

30  years 

20  years 


Interest 

Rate 

10% 

15% 


Die  criteria  used  to  predict  the  other  annual  costs  and  benefits  are 
discussed  in  subsection  4.7.2  through  4.7.6. 


4.9  SUMMARY  OF  ECONOMIC  AND  FINANCIAL  STUDIES 


Using  the  criteria  and  methods  discussed  in  the  previous  subsections* 
graphs  were  developed  which  identify  the  minimum  initial  value  of  energy 
which  will  meet  the  economic  and  financial  criteria  of  a  typical  public  or 
private  developer.  See  Figures  4-1  and  4-2.  Projects  plotting  above  the 
line  exceed  the  minimum  criteria.  The  curves  can  be  used  as  follows: 


e  If  the  value  of  energy  and  the  cost-energy  ratio  are  both 
known,  the  point  can  be  plotted  to  determine  if  the 
project  formulation  meets  the  minimum  criteria.  The 
project  exceeds  the  minimum  criteria  of  lines  shown  below 
it  on  Figures  4-1  and  4-2.  For  example,  a  cost-energy 
ratio  of  $600/MWh  and  energy  value  of  70  mills  would  be 
acceptable  to  a  public  entity  (but  not  to  a  private 
developer),  provided  it  could  endure  between  3  and  5 
years  of  negative  cash  flow  and  provided  it  could  finance 
the  project  in  accordance  with  the  specified  criteria. 

e  If  only  the  cost-energy  ratio  is  known,  the  chart  can  be 
used  to  determine  the  initial  cost  of  service  and  the 
minimum  acceptable  energy  rate.  This  is  done  by  entering 
the  graph  from  the  bottom  using  the  cost-energy  ratio  and 
moving  up  until  reaching  the  desired  criteria  line.  Once 
the  proper  curve  is  reached,  the  energy  value  can  be  read 
off  the  vertical  axis.  For  example,  using  a  cost-energy 
ratio  of  $400/MWh,  the  following  mill  rates  are 
determined  from  Figures  4-1  and  4-2: 


Public  Entity 

10%  Discount  Rate 
15%  Discount  Rate 
No  Negative  Cash  Flow 


34  Mills 
45  Mills 
62  Mills 


Private  ttitlty 
10%  IRR 
15%  IRR 

No  Negative  Cash  Flow 


56  Mills 
75  Mills 
68  Mills 
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•  If  only  the  value  of  energy  la  known,  the  chart  can  be 
used  to  identify  the  maximum  cost-energy  ratio  by 
entering  the  graph  on  the  vertical  axis  at  the  known 
value  of  energy,  and  moving  across  the  graph  until 
intersecting  the  desired  criteria  line*  The  naxlanm 
cost-energy  ratio  can  be  read  off  the  horizontal  axis. 
For  example,  a  private  developer  wishes  to  formulate  a 
project  with  no  negative  cash  flow.  The  local  value  of 
energy  is  70  mills/kMh.  filtering  Figure  4-2  from  the 
vertical  axis  at  70  mills  AWh  and  using  the  "break  even 
cash  flow  first  year”  criteria  line,  the  maximum 
cost -energy  ratio  is  $420/MWh. 


The  maximum  cost-energy  ratio  acceptable  to  a  developer  is  dependent  on  the 
initial  value  of  energy,  as  well  his  economic  and  financial  criteria.  For 
a  private  developer  whose  criteria  relates  to  years  of  negative  cash  flow, 
these  values  are  as  follows: 

MAXIMUM  ACCEPTABLE  COST-ENERGY  RATIO  FOR  PRIVATE  ENTITY 


Initial 

Energy 

Value 


Financial  Criteria 
Break  Even  Break  Even 

1st  Year  3rd  Year 


Break  Even 
5th  Year 


50  Mills 

70 

90 


300  $/MMh 

420 

540 


340  $/MWh 
480 
620 


400  $/MWh 

560 

720 


For  a  public  entity,  which  nay  base  its  criteria  on  either  cash  flow  or 
benefit-cost  ratio,  the  naxlsnm  acceptable  cost-energy  ratios  are  as 
follows  > 


MAXIMUM  ACCEPTABLE  COST-ENERGY  RATIO  FOR  PUBLIC  ENTITY 


Initial 

Energy 

value 


Financial  Criteria 

Break  Even  Break  Even 

3rd  Year  5th  Year 


BCR  “  1  (Discount 
Rate  -  10%) 


50  Mills 

70 

90 


3B0  t/MMh 

540 

690 


450  t/MNh 

630 

820 


590  t/MHh 
840 
1,070 


The  financial  criteria  selected  to  evsluate  the  cost  impact  of  the  various 
mini nun  flow  release  policies  on  hydroelectric  feasibility  was  "break  even" 
cash  flow  in  3  years  for  private  developers  and  break  even  cash  flow  in  5 
years  for  a  public  developer.  The  criteria  are  shown  on  Figure  4-3. 

4.10  DESCRIPTIONS  AMD  FINDINGS  OF  CA8E  STUDY  SITES 


Fifteen  hydro  projects  were  selected  for  case  study  analysis  as  discussed 
earlier.  This  subsection  describes  the  13  sites  for  which  the  case  study 
analysis  could  be  completed.  A  graphic  display  is  presented  for  each 
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site.  The  graphics  show  all  curves;  a  site  plan;  and  energy,  cost,  and 
optimization  information;  and  ecomnic  evaluation.  Written  descriptions 
are  held  to  a  minimum  as  all  pertinent  information  is  portrayed  in  the 
graphics. 


4,10,1  Site  A 


This  run-of-river  project  is  located  at  the  site  of  a  breached  dam. 
Construction  of  a  concrete  overflow  dam  is  proposed.  An  intake  structure 
would  be  built  at  the  dam  to  divert  water  into  a  steel  penstock.  The 
penstock  would  deliver  water  to  the  turbine  in  a  powerhouse  located  750 
feet  downstream.  Twelve  feet  of  head  are  available  at  the  dam.  The 
penstock  increases  the  available  head  to  44  feet.  Figure  4-4  shows  a  site 
plan  and  other  pertinent  information.  Installed  capacities  ranging  from 
110  kW  to  2,000  kW  were  investigated.  The  river  is  essentially 
free-flowing,  with  a  7Q10  flow  of  5  cfs  and  a  median  August  flow  (ABF-1) 
equal  to  51  cfs.  The  period  of  record  extends  over  more  than  38  years. 

The  tailwater  curve  was  estimated  using  a  flood  insurance  study  of  the 
river.  The  headwater  curve  was  constructed  by  performing  hydraulic 
computations  for  a  typical  concrete  overflow  dam  cross  section. 

The  optimum  installed  capacity  was  found  to  be  1,000  kW,  The  energy 
generation  curves  on  Figure  4-4  represent  the  average  annual  energy  versus 
installed  capacity  associated  with  each  of  the  various  flow  regimes.  The 
installation  of  a  small  turbine  at  the  foot  of  the  dam  to  utilize  the  7^10 
flow  (5  cfs)  would  not  be  practical  since  the  flow  and  head  could  only 
drive  a  5-kW  turbine -generator  capable  of  generating  33  MWh  per  year  at  a 
capital  cost  of  $180,000,  resulting  in  a  capital  cost  per  MWh  of  $5,455, 
The  median  August  flow  (51  cfs)  would  be  capable  of  driving  a  40-kW 
propeller  turbine;  however,  the  flow  is  not  always  available,  reducing  the 
output  of  the  unit  substantially ,  The  largest  unit  that  could  run 
continuously  would  be  a  15-kW  propeller  unit  capable  of  generating  122  MWh 
per  year.  The  capital  cost  of  the  installation  would  be  $168,000, 
reflecting  a  capital  cost  per  MWh  of  $1,377. 

4.10,2  Site  B 


This  run-of-river  project  is  located  at  an  existing  dam,  which  is  in  good 
condition,  A  penstock  along  the  left  bank  of  the  river  runs  from  the  dam 
to  an  existing  powerhouse,  creating  a  diversion  of  about  720  feet.  Sixteen 
feet  of  head  are  available  at  the  foot  of  the  dam.  The  penstock  increases 
the  available  head  to  24  feet.  Figure  4-5  presents  the  relevant 
information  concerning  this  project.  Installed  capacities  ranging  from 
1,000  kW  to  3,000  kW  were  investigated.  The  river  is  regulated  with 
several  diversions  upstream  of  the  site.  The  7Q10  flow  at  the  site  is  128 
cfs;  and  with  a  drainage  area  of  714  square  miles,  0.5  cfsm  is  equal  to  357 
cfs.  The  period  of  record  at  the  nearest  USGS  gaging  station  is  over  50 
years.  Tailwater,  headwater,  and  headloss  curves  were  obtained  from  a 
feasibility  study  prepared  by  a  consulting  engineering  firm  for  the  project 
owner. 

The  optimum  installed  capacity  was  found  to  be  1,000  kW.  Installation  of  a 
turbine  at  the  dam  to  utilize  the  7Q10  flow  (128  cfs)  was  examined.  The 
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turbine  selected  was  a  140-kW  propeller  unit  capable  of  generating  1,116 
MWh  of  energy  each  year.  The  capital  cost  per  MWh  would  be  $378  for  this 
turbine.  Use  of  the  0.5  cfsm  ABF-1  flow  (357  cfs)  was  also  examined.  This 
flow  could  drive  a  390-kW  propeller  turbine  located  at  the  dam,  generating 
approximate ly  3,285  MWh  per  year.  This  installation  would  cost 
approximately  $751,000  resulting  in  a  capital  cost  per  MWH  of  $237. 

4.10.3  Site  C 


This  run -of -river  project  is  located  at  an  existing  dam  that  is  in  need  of 
repair,  although  it  is  not  breached.  The  dam  would  be  repaired,  as  well  as 
existing  tainter  gates,  stanchion  section,  and  penstock  intake.  The 
penstock  would  deliver  water  from  the  intake  to  the  powerhouse  located 
1,200  feet  downstream  on  the  right  bank.  The  penstock  and  the  powerhouse 
would  be  of  new  construction.  TVelve  feet  of  head  are  available  at  the 
dam.  The  penstock  increases  the  available  head  to  24  feet  creating  a 
diversion  1,200  feet  long.  Figure  4-6  presents  the  relevant  project 
information.  Installed  capacities  ranging  from  300  kW  to  3,000  kW  were 
studied.  The  river  is  regulated  and  has  a  7Q10  flow  of  17  cfs.  The 
drainage  area  of  280  square  miles  corresponds  to  a  0.5  cfsm  flow  of  140  cfs 
for  ABF-1.  The  period  of  record  at  the  nearest  gaging  station  is  more  than 
31  years.  The  tailwater  curve  was  estimated  from  information  supplied  by 
the  site  developer.  The  headwater  was  assumed  to  be  constant  due  to  the 
crest  control  gates  on  the  dam.  The  penstock  headloss  curve  was  computed 
based  on  flow. 

The  optimum  installed  capacity  was  found  to  be  1,000  kW.  Installation  of  a 
turbine  at  the  dam  to  utilize  the  7Q10  flow  was  examined  and  found  to  be 
impractical  due  to  the  low  flow  (17  cfs)  and  head  (12  feet),  which  could 
only  drive  a  14-kW  propeller  turbine,  resulting  in  114  MWh  per  year  at  a 
capital  cost  per  MWh  of  $1,491.  Use  of  the  ABF-1  flow  (140  cfs)  was  more 
practical,  resulting  in  a  potential  installed  capacity  of  120  kW  and 
average  annual  energy  generation  of  978  MWh.  The  capital  cost  per  MWh  of 
this  small  propeller  turbine  installation  would  be  $380,000,  or  $389/MWh. 
The  ABF-2  flows  could  support  the  same  capacity. 

4.10.4  Site  D 


This  run-of -river  site  is  located  at  an  old  industrial  facility.  The 
existing  dam  is  in  good  condition  and  will  require  minimal  repairs.  An 
intake  structure  located  to  the  left  of  the  dam  diverts  water  to  a  headrace 
canal,  which  delivers  water  to  an  existing  powerhouse  2,170  feet 
downstream.  The  canal  would  require  removal  of  silt  and  debris.  The 
existing  powerhouse  would  require  rehabilitation.  Six  feet  of  head  are 
available  at  the  dam.  The  headrace  canal  increases  the  available  head  to 
12  feet  and  creates  a  diversion  more  than  2,200  feet  long.  Figure  4-7 
presents  a  site  plan  and  other  pertinent  information.  Installed  capacities 
ranging  from  250  kW  to  1,000  kW  were  investigated.  The  river  is  highly 
regulated  and  has  several  upstream  diversions.  The  7yi0  flow  is  66  cfs  and 
the  ABF-1  flow  is  146  cfs.  The  period  of  record  at  the  nearest  gaging 
station  is  more  than  38  years.  The  tailwater  curve  was  estimated  based  on 
information  supplied  by  the  developer's  engineer.  The  headwater  curve  was 
developed  by  performing  hydraulic  computations,  as  was  the  headloss  curve. 
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The  optimum  installed  capacity  was  found  to  be  500  kW.  Hie  7Q10  flow  could 
drive  a  25-kW  turbine  at  the  dam,  but  would  not  be  economically  attractive 
with  a  capital  cost  per  MWh  of  $1,348.  The  ABF-1  flow  could  drive  a  50-kW 
turbine  at  the  dam,  but  also  would  not  be  practical  with  a  capital  cost  per 
MWh  of  $983.  The  ABF-2  flows  could  support  the  same  size  turbine. 
Adjustable  blade  turbines  are  not  applicable  at  this  site  due  to  the  very 
low  head  at  the  dam  ( 6  feet ) . 

4.10.5  Site  E 

This  project  is  a  completely  new  development  and  will  be  operated  as  a 
peaking  facility.  No  diversions  are  involved  and  minimum  flow  releases 
would  be  met  when  the  plant  is  operating.  Figure  4-8  presents  a  site  plan 
and  other  pertinent  information.  Available  head  is  equal  to  38  feet. 
Installed  capacities  ranging  from  8,000  kW  to  20,000  kW  were  investigated. 
The  river  is  regulated.  Hie  7Q10  flow  is  61  cfs  and  the  ABF-1  flow  is  579 
cfs.  Hie  period  of  record  for  the  nearest  gaging  station  covers  44  years. 
Hie  tailwater  curve  was  estimated  based  on  information  in  the  preliminary 
permit  application.  The  headwater  was  assumed  to  vary  4  feet  during  the 
operating  period. 

Hie  optimum  installed  capacity  was  found  to  be  8,000  kW.  Installation  of  a 
125-kW  propeller  turbine  to  utilize  the  7Q10  flow  was  investigated  and 
found  to  have  a  capital  cost  per  MWh  of  $397.  Use  of  a  2,000-kW  adjustable 
blade  turbine  to  handle  the  ABF-1  flow  (579  cfs)  could  produce  13,339  MWh 
per  year  and  would  cost  approximately  $2,600,000  to  install,  resulting  in  a 
capital  cost  per  MWh  of  $198. 

4.10.6  Site  F 

This  run -of -river  site  is  at  an  existing  dam  that  will  require  minimal 
repairs.  An  intake  structure  at  the  left  dam  abutment  diverts  the  flow 
into  a  640-foot-long  canal.  The  canal  delivers  water  to  an  existing 
powerhouse  creating  a  diversion  nearly  700  feet  long.  Figure  4-9  presents 
a  site  plan  and  other  pertinent  information.  The  head  available  at  the  dam 
is  equal  to  10  feet.  The  canal  increases  the  available  head  to  18  feet. 
Installed  capacities  ranging  from  500  kW  to  2,000  kW  were  investigated. 

Hie  river  is  regulated  and  has  several  diversions  upstream  of  the  project 
site.  Hie  7Q10  flow  is  33  cfs  and  the  ABF-1  flow  is  177  cfs.  Hie  period 
of  record  for  the  nearest  USGS  gaging  station  is  more  than  15  years.  The 
tailwater  curve  was  developed  using  a  flood  insurance  study  of  the  river  in 
the  project  area.  Hie  headwater  curve  was  developed  by  performing 
hydraulic  computations  of  flow  over  the  dam.  Hie  canal  headloss  curve  was 
also  developed  by  hydraulic  confutations. 

Hie  optimum  installed  capacity  was  found  to  be  500  kW  based  on  minimum 
capital  cost  per  MWh.  However,  a  1,000-kW  installation  was  nearly  as 
cost-effective  and  would  probably  have  a  larger  net  return  over  the  life  of 
the  project.  For  this  reason,  a  1,000-kW  installation  was  selected. 
Installation  of  a  small  turbine  at  the  dam  to  utilize  the  minimum  flow 
releases  was  also  considered.  Hie  7Q10  flow  of  33  cfs  would  be  capable  of 
driving  a  15-kW  propeller  turbine  nearly  continuously.  However,  the 
capital  cost  per  MWh  of  energy  produced  by  such  an  installation  would  be 


$1,000.  The  ABF-1  flow  of  177  cf s  would  be  capable  of  driving  a  120-kH 
propeller  turbine  continuously  and  would  have  a  capital  coat  per  MWh  of 
$395*  The  ABF-2  flow  could  also  support  a  machine  of  similar  site,  but  a 
larger  500-kW  machine  with  adjustable  blades  could  operate  over  a  greater 
flow  range  and  would  have  a  capital  cost  per  MHh  of  $320,  with  annual 
energy  generation  estimated  at  2,200  MHh. 

I ECO  was  also  asked  to  consider  recreational  flows  of  800  cfs  to  be 
released  year-round  at  the  base  of  the  dam.  However,  this  was  not 
considered  realistic  because  average  inflow  to  the  dam  exceeds  800  cfs 
during  only  2  months  of  the  year  —  March  and  April. 

4.10.7  Site  G 

This  run -of -river  project  is  located  at  an  industrial  complex  and  utilizes 
an  existing  dam.  An  intake  structure  upstream  of  the  dam  on  the  right  bank 
diverts  water  into  an  existing  headrace  canal.  The  dam,  intake  gates,  and 
headrace  canal  will  all  require  minimal  repairs.  The  canal  is  about  220 
feet  long  and  delivers  water  to  an  existing  powerhouse  within  the 
industrial  complex.  A  200-foot-long  tailrace  canal  returns  water  to  the 
river  from  the  powerhouse.  Hater  is  diverted  from  a  240-foot-long  reach  of 
the  river.  A  site  plan  and  other  pertinent  information  appear  on  Figure 
4-10.  Twelve  feet  of  head  are  available  at  the  dam  aftd  the  diversion 
increases  the  head  at  the  powerhouse  to  23  feet.  Installed  capacities 
ranging  from  80  kW  to  500  kH  were  studied.  Hie  river  is  regulated  and  has 
several  upstream  diversions.  The  7Q10  flow  is  19  cfs  and  the  ABF-1  flow 
(0.5  cfsm)  is  35  cfs.  The  period  of  record  for  the  nearest  DSGS  gaging 
station  is  more  than  38  years.  The  tailwater  curve  was  estimated  based  on 
information  supplied  by  the  developer's  engineer.  The  headwater  and  canal 
headloas  curves  were  developed  by  performing  hydraulic  computations. 

The  optimum  installed  capacity  was  found  to  be  500  kH.  Installation  of  a 
small  turbine  at  the  dam  to  utilize  the  minimum  flow  releases  was  also 
considered.  The  7Q10  flow  (19  cfs)  would  be  capable  of  driving  a  15-kW 
turbine  continuously,  generating  122  MHh  per  year  at  a  capital  cost  per  MHh 
of  $1,200.  Hie  ABF-1  flow  of  35  cfs  could  drive  a  25-kH  turbine  nearly 
continuously,  generating  204  MHh  per  year  at  a  capital  cost  per  MHh  of 
$913.  The  ABF-2  flow  would  support  the  same  installed  capacity. 

4.10.8  8ite  H 

This  run -of -river  site  is  located  at  the  site  of  a  dam  that  was  washed  out 
many  years  ago.  Construction  of  a  concrete  overflow  dam  outfitted  with 
crest  control  gates  is  proposed.  An  intake  structure  would  be  built  at  the 
right  dam  abutment  to  divert  water  to  a  4,020-foot-long  canal.  Hie  canal 
is  existing  but  would  require  clearing  and  cleaning.  A  new  powerhouse 
would  be  built  at  the  terminus  of  the  canal.  The  total  diversion  length  is 
about  4,700  feet.  A  site  plan  and  other  relevant  information  appear  on 
Figure  4-11.  Gross  head  at  the  dam  is  19  feet.  Hie  headrace  canal 
increases  the  available  head  to  30  feet.  Installed  capacities  ranging  from 
500  to  3,000  HK  were  studied.  The  river  is  regulated  upstream  of  the 
site.  The  7Q10  flow  is  48  cfs  and  the  0.5  cfsm  flow  is  195  cfs.  The 
period  of  record  for  the  nearest  U8G8  gaging  station  is  more  than  63 
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years.  The  tailwater  curve  for  this  site  was  developed  by  adjusting  a 
tailwater  curve  for  a  site  upstream  supplied  by  the  site  developer.  The 
headwater  was  assumed  to  remain  constant  due  to  the  crest  control  gates  on 
the  proposed  dam.  The  canal  headloss  curve  was  developed  by  performing 
hydraulic  computations. 

The  optimum  installed  capacity  was  found  to  be  3 ,000  kW.  Installation  of  a 
small  turbine  at  the  dam  to  utilize  the  minimum  flow  releases  was  also 
considered.  The  7Q10  flow  of  48  cfs  could  support  a  60-kW  propeller 
turbine  operating  continuously.  The  average  annual  energy  generation  would 
be  473  MWh  and  the  capital  cost  of  the  small  generating  station  would  be 
$258,000  resulting  is  a  capital  cost  per  MWh  of  $545.  The  ABF-1  flow 
(19S  cfs)  would  be  capable  of  driving  a  250-kW  turbine;  however,  this  flow 
is  not  always  available.  A  200-kW  propeller  turbine,  which  would  operate 
nearly  continuously  at  a  flow  of  15S  cfs,  would  be  more  feasible.  This 
unit  would  have  a  capital  cost  of  $814,000  and  would  generate  1,629  MWh  per 
year,  resulting  on  a  capital  cost  per  MWh  of  $500.  An  adjustable-blade 
600 -kW  turbine  would  be  recosatended  for  the  ABF-2  flow,  which  would  be 
capable  of  handling  flows  from  150  to  400  cfs.  The  installation  would  cost 
$1,600,000  and  would  be  capable  of  generating  3,509  MWh  per  year  resulting 
in  a  capital  cost  per  MWh  of  $331. 

4.10.9  Site  I 


This  run-of -river  site  is  located  at  an  existing  breached  dam,  which  the 
developer  proposes  to  restore  to  its  original  design.  An  intake  structure 
would  be  constructed  an  the  left  bank  upstream  of  the  dam  and  would  divert 
water  into  a  4, 200-foot -long  headrace  canal.  The  canal  terminates  at  a 
penstock  intake  structure,  which  serves  as  the  inlet  to  a  330-foot-long 
penstock.  The  penstock  delivers  water  from  the  canal  to  the  powerhouse.  A 
tailrace  canal  approximately  2,100  feet  long  would  return  water  to  the 
river  from  the  powerhouse.  Water  would  be  diverted  from  the  river  for  a 
total  of  about  12,000  feet.  A  site  plan  and  other  pertinent  information 
appear  on  Figure  4-12.  Sixteen  feet  of  head  are  available  at  the  dam.  The 
canal  and  penstock  diversion  increases  the  available  head  to  68  feet. 
Installed  capacities  ranging  from  2,500  to  15,000  kW  were  considered.  The 
river  is  highly  regulated  by  upstream  flood  control  structures.  The  7Q10 
flow  at  this  site  is  1,207  cfs  and  the  0.5  cfsm  (ABF-1)  flow  is  622  cfs. 
This  is  the  only  case  study  site  where  the  7Q10  flow  is  greater  than  the 
ABF-1  flow.  This  is  due  to  the  regulation  of  the  river.  The  period  of 
record  at  the  nearest  USGS  gaging  station  is  more  than  50  years.  The 
tailwater  curve  for  this  site  was  estimated  from  information  obtained  from 
the  FEBC  preliminary  permit  application.  The  headwater  and  canal  headloss 
curves  were  developed  by  performing  hydraulic  computations.  Penstock 
headloss  curves  were  generated  internally  by  the  computer. 

The  optimum  installed  capacity  was  found  to  be  10,000  kW.  Construction  of 
a  generating  station  at  the  dam  to  utilize  the  minimum  flow  releases  was 
also  considered.  The  7Q10  flow  (1,207  cfs)  would  be  capable  of  driving  a 
1,300-kW  turbine -generator  continuously,  generating  an  average  annual 
energy  output  of  10,590  MWh.  The  total  capital  cost  would  be  $1,786,000, 
resulting  in  a  capital  cost  per  MWh  of  $169.  The  ABF-1  flow  of  622  cfs 
could  drive  a  675-kW  turbine  continuously,  resulting  in  average  annual 
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energy  generation  of  5/499  MWh.  Die  capital  cost  for  the  installation 
would  result  in  a  capital  cost  per  KWh  of  $213*  The  ABF-2  flows  could 
support  a  similar  site  unit*  A  1/800— kW  turbine  with  adjustable  blades 
could  also  be  in.  .ailed  to  handle  ABF-2  flows  ranging  frost  630  cfs  to 
1,575  cfs,  resulv*.ag  in  an  estimated  average  annual  energy  generation  of 
13,379  MWh.  lhe  capital  cost  of  the  installation  would  be  $2,267,000, 
resulting  in  a  capital  cost  per  KWh  of  $169* 

I ECO  was  also  asked  to  consider  recreational  flows  of  1,200  to  1,500  cfs  to 
be  released  at  the  base  of  the  daw.  The  7Q10  flow  of  1,207  cfs  falls 
within  this  range;  therefore,  the  7Q10  analysis  will  apply  to  the 
recreational  flows  also* 

4.10*10  Site  J 

This  run -of -river  site  is  located  at  an  existing  dam,  which  is  in  good 
condition.  An  intake  structure  at  the  right  dam  abutment  diverts  flow  into 
a  1,200-foot -long  headrace  canal.  The  developer  does  not  propose  to  use 
the  existing  powerhouse  but  rather  to  construct  a  new  powerhouse  with  a 
tailrace  excavated  to  the  river  upstream  of  the  existing  powerhouse.  Hater 
would  be  diverted  from  the  river  for  about  1,200  feet*  A  site  plan  and 
other  pertinent  information  appear  on  Figure  4-13.  Thirteen  feet  of  head 
are  available  at  the  dam.  The  canal  increases  the  available  head  to  28 
feet.  Installed  capacities  ranging  from  500  kW  to  3,000  kH  were  examined. 
The  river  is  regulated  and  has  several  diversions  upstream  of  the  site. 

The  7Q10  flow  at  the  site  is  23  cfs  and  the  ABF-1  flow  is  192  cfs.  The 
period  of  record  at  the  nearest  USGS  gaging  station  is  over  39  years*  The 
tailwater  curve  for  this  site  was  estimated  from  a  flood  insurance  study  of 
the  river  in  the  project  area.  The  headwater  and  canal  headloss  curves 
were  developed  by  performing  hydraulic  computations . 

The  optimum  installed  capacity  was  found  to  be  1,000  kH.  Installation  of  a 
small  turbine  at  the  dam  to  utilize  minimum  flow  releases  was  also 
considered.  The  7Q10  flow  (23  cfs)  could  only  drive  a  20-kH  turbine,  which 
could  generate  163  MWh  per  year  at  a  capital  cost  of  $240,000,  or 
$l,472/MHh.  The  ABF-1  flow  (192  cfs)  could  drive  a  170-kH  turbine 
continuously.  This  installation  would  cost  approximately  $448,000  and 
would  generate  about  1,385  MWh  per  year,  resulting  in  a  capital  cost  per 
MWh  of  $324.  The  ABF-2  flows  could  support  the  installation  of  a  400-kW 
unit  capable  of  handling  flows  from  181  cfs  to  450  cfs*  This  installation 
would  cost  8782,000  and  would  generate  approximately  2,941  MWh  annually, 
resulting  in  a  capital  cost  per  MWh  of  $266. 

4.10.11  Site  K 


This  run-of -river  site  is  located  at  an  existing  dam,  which  is  in  very  good 
condition.  An  intake  structure  at  the  right  dam  abutment  diverts  water 
into  a  1,600 -foot -long  headrace  canal.  An  intake  structure  at  the  canal 
terminus  serves  as  an  inlet  for  a  250-foot-long  steel  penstock,  which 
delivers  water  from  the  canal  to  the  turbine.  The  powerhouse  is  located  at 
the  right  abutment  of  another  existing  dam.  Water  is  diverted  from  a 
2,200-foot-long  reach  of  the  river.  No  new  construction  would  be  required, 
but  limited  rehabilitation  would  be  necessary  for  the  dam,  intake  gates. 
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and  canal.  A  site  plan  is  shown  on  Figure  4-14  along  with  other  pertinent 
information.  Fifteen  feet  of  head  are  available  at  the  dam.  The  canal  and 
penstock  increase  the  available  head  to  62  feet.  Installed  capacities 
ranging  from  750  kW  to  3,000  kW  were  studied.  The  river  is  regulated  by 
flood  control  structures  upstream  of  the  project  site.  Hie  7Q10  flow  at 
the  site  is  49  cfs,  and  the  ABF-1  flow  is  109  cfs.  The  nearest  USGS  gaging 
station  has  a  period  of  record  of  more  than  40  years.  Hie  tailwater  curve 
was  estimated  using  information  provided  by  the  site  developer.  The 
headwater  and  canal  headloss  curves  were  developed  by  performing  hydraulic 
computations . 

The  optimum  installed  capacity  was  found  to  be  1,500  kW.  Installation  of  a 
small  turbine  at  the  dam  was  also  considered  to  use  the  minimum  flow 
releases  to  generate  energy.  The  7^10  flow  (49  cfs)  could  drive  a  50-kW 
turbine  continuously,  generating  an  average  of  391  MWh  per  year.  The  cost 
of  this  installation  would  be  $254,000,  resulting  in  a  capital  cost  per  MWh 
of  $650.  Hie  ABF-1  flow  (109  cfs)  could  drive  a  110-kW  turbine 
continuously,  generating  an  average  of  872  MWh  annually.  The  cost  of  the 
installation  would  be  $405,000,  yielding  a  capital  cost  per  MWh  of  $464. 

Hie  ABF-2  flow  could  drive  an  adjustable-blade,  265-kW  turbine  capable  of 
handling  flows  from  105  to  275  cfs  at  a  total  capital  cost  of  $840,000. 

Hie  unit  would  generate  an  average  of  1,846  MWh  per  year,  yielding  a 
capital  cost  per  MWh  of  $455. 

4.10.12  Site  L 


This  run-of -river  project  is  located  at  an  existing  rock -filled  timber  crib 
dam,  which  is  in  poor  condition.  An  intake  structure  at  the  right  dam 
abutment  diverts  flow  into  a  1,200-foot-long,  nearly  L-shaped  headrace 
canal.  A  new  powerhouse  would  be  constructed  at  the  terminus  of  the 
headrace  canal.  Water  would  be  diverted  from  the  river  for  a  total  of 
about  1,200  feet.  A  site  plan  and  other  pertinent  information  appear  in 
Figure  4-15.  Twelve  feet  of  head  are  available  at  the  dam.  Hie  canal 
increases  the  available  head  to  16  feet.  Installed  capacities  ranging  from 
2,000  kW  to  8,000  kW  were  studied.  The  river  is  regulated  by  several  flood 
control  structures  upstream  of  the  project  site.  The  7Q10  flow  at  the  site 
is  670  cfs  and  the  ABF-1  (0.5  cfsm)  flow  is  1,180  cfs.  Hydrology  for  the 
site  was  based  on  two  upstream  USGS  gaging  stations.  Hie  period  of  record 
at  each  gage  is  more  than  40  years.  The  tailwater,  headwater,  and  canal 
headloss  curves  were  taken  from  a  feasibility  study  prepared  by  a 
consulting  engineering  firm. 

The  optimum  installed  capacity  was  found  to  be  2,000  kW.  Installation  of  a 
small  turbine  at  the  dam  to  utilise  the  minimum  flow  releases  was  also 
considered.  The  7Q10  flow  (670  cfs)  could  drive  a  550-kW  turbine 
continuously.  Hie  installation  would  cost  $1,546,000  and  would  generate  an 
average  of  4,481  MWh  per  year.  The  capital  cost  per  MWh  for  this 
installation  would  be  $345.  The  ABF-1  flow  of  1,180  cfs  could  drive  a 
1,000-kW  turbine  continuously,  generating  an  average  of  8,147  MWh 
annually.  Hie  cost  of  the  installation  would  be  $1,850,000,  resulting  in  a 
capital  cost  per  MWh  of  $227.  A  2,400-kW,  adjustable -blade  turbine  could 
be  installed  to  handle  ABF-2  flows  generating  18,196  MWh  annually  with  a 
capital  cost  of  $4,149,000  for  a  capital  cost  per  MWh  of  $228. 
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4.10.13  Site  M 


This  run -of -river  project  is  located  at  an  existing  dam,  which  is  in  good 
condition.  Under  the  proposed  development  scheme,  an  intake  structure 
would  be  built  upstream  of  the  dam  on  the  left  bank  to  divert  water  into  a 
2,300-foot-long  penstock.  A  powerhouse  would  be  constructed  on  the  left 
bank  of  the  river,  diverting  flow  from  this  river  for  a  total  of 
4,700  feet.  A  site  plan  and  other  pertinent  information  appear  on  Figure 
4-16.  Twenty-five  feet  of  head  are  available  at  the  dam.  The  penstock 
increases  the  available  head  to  110  feet.  Installed  capacities  ranging 
from  20,000  kW  to  40,000  kW  were  studied.  The  river  is  essentially  free 
flowing,  although  it  has  small  impoundments  and  industrial  diversions 
upstream.  The  7yl0  flow  at  the  site  is  93  cfs  and  the  ABF-1  flow  is  400 
cfs.  The  period  of  record  at  the  nearest  USGS  gaging  station  is  more  than 
50  years.  The  tailwater  and  headwater  curves  were  taken  from  an  appraisal 
study  prepared  for  the  developer  by  a  consulting  engineer. 

The  optimum  installed  capacity  was  found  to  be  20,000  kW.  Use  of  a  small 
turbine  at  the  dam  to  utilize  minimum  flow  releases  for  power  generation 
was  also  considered.  The  7Q10  flow  (93  cfs)  could  drive  a  160-kW  turbine 
continuously.  The  installation  would  cost  $384,000,  would  generate  a 
yearly  average  of  1,271  MWh,  and  would  have  a  capital  cost  per  MWh  of 
$302.  A  turbine  sized  to  use  the  ABF-1  flow  of  400  cfs  would  not  operate 
continuously.  However,  an  adjustable-blade,  1, 300 -kW  turbine  could  be 
installed  to  operate  over  a  greater  flow  range  (300  to  750  cfs).  The  same 
installation  could  be  recommended  for  the  ABF-2  flows.  Such  an 
installation  would  cost  $1,860,000  and  would  generate  an  average  of  9,559 
MWh  per  year,  for  a  capital  cost  per  MWh  of  $195. 

4.11  SUMMARY  OF  RESULTS 


Tables  4-1  through  4-3  summarize  the  results  of  the  study.  Table  4-1 
reflects  the  effect  of  the  various  flow  regimes  upon  the  quantity  of  energy 
produced  and  the  cost  per  MWh  of  energy.  Table  4-2  is  a  chart  which 
summarizes  the  energy  generation  studies,  while  Table  4-3  summarizes  the 
economic  studies. 
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SECTION  5 
CONCLUSIONS 


5.1  POTENTIAL  OCCURRENCE  OF  MINIMUM  FLOW  CONFLICTS 

Minimum  flow  releases  have  no  impact  upon  sites  that  operate  in  the  run- 
of-river  mode  and  have  no  diversions.  However,  only  20  percent  of  the 
sites  listed  on  the  inventory  fit  this  description.  Therefore,  if  flow 
releases  are  required  at  the  dams,  the  potential  for  conflict  exists  at  80 
percent  of  the  sites. 

If  the  distance  from  the  dam  within  which  the  releases  must  be  made  is 
increased,  the  incidence  of  conflict  will  decrease.  For  example,  sites 
that  have  diversions  less  than  300  feet  account  for  a  total  of  46  percent 
of  all  the  sites.  If  minimum  flow  releases  were  allowed  to  be  made  at  a 
powerhouse  located  anywhere  within  this  300-foot  limit,  then  the  "conflict 
incidence"  would  decrease  to  54  percent. 

Fourteen  percent  of  the  sites  are  considered  to  be  peaking  operation 
sites.  These  sites  would  also  cause  conflict  due  to  the  store  and  release 
nature  of  peaking  operation. 

5.2  IMPACT  OF  MINIMUM  FLOW  RELEASE  POLICIES  ON  PROJECT  ECONOMICS 


The  direct  effect  of  the  minimum  flow  release  policies  is  to  reduce  the 
energy  that  can  be  generated  at  a  site,  when  releases  must  be  made  at  the 
dam.  The  reduction  in  energy  generation,  in  turn,  increases  the  cost  of 
the  energy  generated  because  the  same  capital  cost  for  a  given  installed 
capacity  must  be  spread  over  fewer  kilowatts.  Sane  of  this  lost  energy  can 
be  recaptured  by  installing  small  turbines  at  the  required  point  of 
release.  However,  this  increases  the  capital  cost  of  the  project. 

The  flow  of  water  is  proportional  to  the  area  of  the  drainage  basin.  Those 
sites  with  large  drainage  basins  have  correspondingly  larger  flows,  hence 
more  water  with  which  to  generate  energy.  The  percentage  of  flow  lost  to 
flow  releases  will  not  vary  much  from  the  percentage  at  sites 
cceananding  small  drainage  basins;  however,  the  quantity  of  flow  will  be 
substantial  by  comparison.  The  large-flow  site  enjoys  an  advantage  because 
more  equipment  options  are  available  to  generate  energy  with  the  required 
releases.  For  example,  a  site  with  12  feet  of  head  and  a  7Q10  flow  of 
5  cfs  has  little  chance  of  generating  energy  at  a  reasonable  cost  with  this 
flow.  However,  a  site  with  12  feet  of  head  and  a  7Q10  flow  of  500  cfs  can 
probably  generate  power  using  the  equipment  of  any  of  several 
manufacturers,  with  consequent  savings  in  equipment  costs. 

Available  head  is  another  important  factor  in  determining  the  ability  of  a 
site  to  economically  generate  energy.  As  head  increases  at  a  given  flow, 
energy  generation  also  increases;  while  equipment,  and  hence  powerhouse, 
costs  remain  substantially  constant.  Therefore,  the  cost  of  energy 
decreases,  provided  no  civil  works  costs  are  required  to  obtain  the 
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additional  head,  for  the  case  studies,  civil  costs  were  expended  to 
realise  the  maximum  economic  head  at  each  site.  That  is,  the  head  has  been 
increased  by  the  use  of  penstocks  and/or  headrace  and  tailrace  channel 
excavations  until  the  increased  costs  just  offset  the  increased  benefits. 

The  effect  of  each  flow  regime  upon  the  case  study  sites  is  discussed  in 
the  following  subsections. 

5.2.1  No  Minimum  flow  Release 

The  no-ainimua-f low-release  regime  does  not  require  any  minimum  flow 
releases.  This  allows  a  project  to  generate  the  maximum  amount  of  energy 
for  a  given  installed  capacity.  The  regime  does  not  imply  that  water  will 
never  be  spilled  over  a  dam.  for  example ,  water  will  be  spilled  until  flow 
in  the  river  becomes  great  enough  to  drive  a  turbine  for  a  reasonable 
amount  of  time.  This  flow  is  determined  by  the  minimum  gate  setting  of  the 
smallest  turbine  installed,  furthermore,  it  is  not  economical  to  install 
sufficient  capacity  at  a  hydro  site  to  generate  energy  using  the  peak  river 
flows.  This  is  particularly  true  for  smaller  sites.  Therefore,  peak  river 
flows  that  exceed  the  discharge  capacity  of  the  installed  turbines  are  also 
spilled. 

5.2.2  7Q10  Minimum  Flow  Release 

Release  of  the  7Q10  flow  resulted  in  a  decrease  in  energy  generated  by  the 
proposed  development  of  from  1  to  56  percent  and  a  corresponding  increase 
in  capital  cost  per  MWh  of  from  2  to  125  percent.  The  capital  cost  per  MNh 
was  reduced  under  this  policy  by  use  of  small  turbines  at  those  sites 
having  16  feet  or  sore  of  head  available  at  the  dam.  At  12  feet  of  head, 
use  of  small  turbines  is  marginal.  At  lesB  than  12  feet  of  head,  use  of 
small  turbines  appears  to  be  of  no  economic  benefit  to  the  project. 

The  use  of  small  turbines  appears  to  become  more  attractive  under  this  flow 
regime  as  the  amount  of  regulation  at  a  site  increases.  At  a  highly 
regulated  site,  the  7Q10  is  higher  in  terms  of  cfs  per  square  mile  of 
drainage  basin  than  for  a  similar  sise  drainage  basin  with  no  regulation. 
Thus,  minimum  release  requirements  tend  to  be  larger  as  a  percentage  of 
average  annual  flow.  Since  a  higher  percentage  of  the  flow  is  being  lost, 
the  impact  on  project  feasibility  is  greater.  On  the  other  hand,  there  is 
more  flow  to  run  a  turbine  at  the  dam  site. 


5.2.3  Aquatic  Base  flow  Releases 

The  effect  of  the  ABF  releases  on  hydro  generating  capacity  is  usually  more 
severe  than  7Q10  releases.  The  minimum  ABF  flow  regime  resulted  in  a 
decrease  in  energy  from  12  to  44  percent  without  consideration  of  the  use 
of  small  turbines  to  generate  power  from  the  releases  made  at  the  dam. 
Capital  costs  increased  from  18  to  79  percent. 


The  ABF-2  minimum  flow  release,  as  defined  for  this  study,  reduced  the 
energy  generation  at  the  case  study  sites  anywhere  from  24  to  76  percent, 
with  the  average  around  55  percent*  The  use  of  small  turbines  for  the 
releases  resulted  in  only  a  minor  improvement  over  these  losses*  Cutting 
energy  production  in  half  will  double  the  cost  of  energy  produced  at  a  site 
for  a  given  installed  capacity*  Such  an  extreme  impact  upon  a  project 
usually  results  in  the  project  being  unfeasible*  However,  it  should  be 
pointed  out  that  the  FWS  would  probably  not  require  releases  as  extreme  as 
the  ABF-2  flows  used  in  this  study* 

5*2*4  Use  of  Steal!  Turbines 

Under  the  7Q10  flow  regime,  small  turbine  installations  were  found  to 
improve  the  economic  viability  of  a  project,  provided  the  available  head  at 
the  dam  was  at  least  16  feet.  Projects  with  less  than  16  feet  of  head  at 
the  dam  were  found  not  to  benefit  from  a  small  turbine  installation*  As 
would  be  expected,  no  project  employing  a  small  turbine  at  the  dam  for  7Q10 
flows  was  found  to  be  more  attractive  than  the  same  project  under  the 
no-minimum-f low-release  regime . 

Use  of  small  turbines  under  the  ABF-1  policy  improved  the  economic 
viability  of  nearly  all  projects  over  the  ABF-1  projects  without  the 
turbines.  All  projects  improved  substantially  with  the  use  of  small 
turbines  ur^er  the  ABF-2  regime. 

5.3  CAPABILITY  OF  PROJECTS  TO  ACCOMMODATE  MINIHUM  FLOW  RBQUIKBUENTS 

The  ability  of  any  business  to  absorb  losses  or  a  reduction  in  output 
depends  in  many  instances  on  the  size  of  the  business.  This  is  quite  true 
for  hydro  development.  Small  hydro  projects  are  usually  very  marginal 
investments,  especially  during  the  first  years  of  operation.  To  add 
additional  costs  or  to  limit  the  amount  of  energy  a  small  project  can 
generate  usually  prevents  development*  Larger  projects  are  usually  more 
able  to  handle  these  impacts .  Although  larger  projects  normally  have 
larger  minimum  flow  releases,  these  larger  releases  are  typically  better 
suited  for  driving  turbines,  which  allows  the  larger  projects  to  recoup  a 
portion  of  the  energy  production  that  would  otherwise  be  lost. 

Peaking  plants  are  affected  somewhat  differently  by  minimum  flow  release 
requirements.  Many  peaking  projects  are  larger  than  5,000  kw  and  in  a 
better  position  to  justify  the  installation  of  small  turbines  to  handle 
minimum  flow  releases.  However,  the  energy  generated  by  these  small 
turbines  would  be  worth  significantly  less  than  the  peaking  energy  the 
released  water  could  have  generated. 

Table  5-1  presents  the  initial  value  of  energy  necessary  for  a  project  to 
meet  the  financial  criteria  described  in  Section  4.9.  The  shaded  areas 
indicate  which  projects  are  not  feasible  at  an  initial  value  of  energy  of 
50  mills  per  kWh.  Under  the  no  minimum  flow  release  policy,  six  of  the 
case  study  projects  are  feasible  when  developed  by  tax  exempt  entities 
while  only  four  are  feasible  when  developed  by  taxable  entities.  Under  the 
7Q10  policy,  five  sites  would  be  feasible  for  development  by  tax  exempt 
entities,  while  three  sites  would  be  feasible  for  development  by  taxable 
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entities .  The  use  of  sull  turbines  does  not  increase  or  decrease  the 
number  of  feasible  sites  for  either  developer  type  under  the  7Q10  minimum 
release  policy.  Under  the  ABF-1  policy,  four  sites  are  feasible  for 
development  by  tax  exempt  entities  while  only  two  sites  are  feasible  for 
development  by  taxable  entities.  The  use  of  small  turbines  decreases  the 
number  of  sites  feasible  for  a  tax  exempt  entity  to  develop  from  five  to 
four,  but  results  in  no  change  in  the  mmber  of  site  feasible  for 
development  by  taxable  entities.  No  sites  are  feasible  for  development 
under  the  ABF-2  policy  when  the  initial  value  of  energy  is  50  milla/kWh. 

Table  5-2  presents  the  same  data  as  Table  5-1  with  shaded  areas  indicating 
the  projects  which  are  not  feasible  for  an  initial  value  of  energy  of  70 
mills  per  kWh.  Under  the  no  minimum  release  scenario,  12  projects  are 
feasible  for  development  by  a  tax  exempt  entity  and  eight  projects  are 
feasible  for  development  by  a  taxable  entity.  Under  the  7Q10  policy,  nine 
projects  are  feasible  for  development  by  a  tax  exempt  entity  while  five  are 
feasible  for  a  taxable  entity.  The  use  of  small  turbines  increases  this 
number  to  eleven  for  tax  exempt  entities  and  six  for  taxable  entities. 

Under  the  ABF-1  policy,  six  projects  are  feasible  for  tax  exempt 
development  while  four  projects  are  feasible  for  development  by  a  taxable 
entity.  The  use  of  small  turbines  increases  this  number  to  eight  for  tax 
exempt  entities  and  six  for  taxable  entities. 

Under  the  ABF-2  policy,  two  projects  are  feasible  for  development  by  tax 
exempt  entities  while  none  are  feasible  for  development  by  taxable 
entities.  The  use  of  small  turbines  increases  this  number  to  eight  for 
tax  exempt  and  two  for  taxable  entities. 

Table  5-3  also  presents  the  same  data  as  Table  5-1,  however,  the  shaded 
areas  indicate  the  projects  which  are  not  feasible  at  an  initial  value  of 
energy  of  90  mills  per  kWh  rather  than  50  mills  per  kWh.  Under  the  no 
minimum  flow  release  policy,  twelve  projects  are  feasible  for  tax  exempt 
entities  while  eleven  projects  are  feasible  for  taxable  entities.  Under 
the  7Q10  policy,  twelve  projects  are  feasible  for  development  by  tax  exempt 
entities  while  nine  are  feasible  for  development  by  taxable  entities.  The 
use  of  small  turbines  does  not  change  the  number  of  projects  feasible  for 
tax  exempt  entities,  but  increases  the  number  of  feasible  projects  to  ten 
for  taxable  entities.  Under  the  ABF-1  policy,  ten  projects  are  feasible 
for  tax  exempt  entities  while  six  are  feasible  for  taxable  entities.  The 
use  of  small  turbines  increases  this  number  to  twelve  for  tax  exempt 
entities  and  eight  for  taxable  entities.  Under  the  ABF-2  policy,  five 
projects  are  feasible  for  development  by  tax  exempt  entities.  While  nine 
are  feasible  for  taxable  entities.  The  use  of  small  turbines  increases 
this  number  to  eight  for  tax  exempt  and  five  for  taxable  entities. 

5.4  EFFECT  OF  MINIMUM  FLOW  RBQUIRBMKHTS  UPON  OPERATING  OBJECTIVES 

Minimum  flow  requirements  will  not  have  a  large  impact  upon  the  operating 
objectives  of  a  run -of -river  project.  The  turbine  will  operate  less. 

Annual  energy  output  will  dec:  'ase  with  an  increase  in  minimum  flow 
releases.  Decreased  energy  output  also  results  in  less  financial  return  to 
the  project  developers. 
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Decreased  hydroelectric  energy  output  on  a  regional  basis  means  that 
oil-fired  energy  deplacement  will  not  be  as  great* 

5.5  DISCUSSION  OF  GENERIC  MEASURES 


From  the  standpoint  of  energy  generation,  generic  measures  are  not 
satisfactory  due  to  the  site-specific  nature  of  hydro  development,  ®ie 
effect  of  the  release  of  7^10  or  aquatic  base  flows  on  the  generation 
varies  with  the  size  of  the  project  and  the  amount  of  regulation. 

5.6  ALTERNATIVES  FOR  MEETING  MINIMUM  FLOW  REQUIREMENTS 

Projects  with  less  than  16  feet  of  head  available  at  the  dam  have  few 
alternatives,  if  releases  must  be  made  at  the  dam.  Projects  located  on 
large,  highly  regulated  rivers  or  having  large  drainage  basins,  may  have 
minimum  flow  releases  large  enough  to  justify  installation  of  a  turbine  at 
the  dam.  Projects  greater  than  5,000  kW  can  usually  benefit  from  the 
installation  of  a  small  turbine  to  handle  the  releases.  This  is  especially 
true  for  peaking  projects 

Minimum  flow  regimes,  as  currently  formulated,  significantly  impact 
hydroelectric  projects  because  they  are  sustained  releases.  Few 
hydroelectric  projects  use  all  the  water  in  a  river  all  the  time.  Careful 
consideration  should  be  given  to  the  amount  of  water  actually  spilled  by  a 
typical  hydroelectric  project  operating  under  a  7^10  flow  regime  because  of 
minimum/maximum  equipment  discharges. 
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REGIONAL  POLICY 

FOR  NEW  ENGLAND  STREAM  FLOW  RECOMMENDATIONS 


A.  Purpose 

The  IT.?*  fish  end  Wildlife  Service  (USFWS)  recognizes  that  Immediate 
development  of  alternative  energy  supplies  Is  a  high  national  priority.  We 
further  recognize  that  hydroelectric  developments  are  among  the  most 
practical  near-term  alternatives  and  that  environmental  reviews  may  have 
delayed  expeditious  licensing  of  some  environmentally  sound  projects.  A 
purpose  of  this  policy  is  to  identify  those  projects  that  do  not  threaten 
nationally  Important  aquatic  resources  so  that  permits  or  licenses  for  those 
projects  can  be  expeditiously  issued  without  expensive,  protracted  environ¬ 
mental  Investigations. 

This  directive  establishes  Northeast  Regional  (Region  5)  policy  regarding 
USFWS  flow  recommendations  at  water  projects  in  the  New  England  Area.  The 
policy  is  primarily  for  application  to  new  or  renewal  hydroelectric  projects 
but  should  also  be  used  for  water  supply,  flood  control  and  other  water 
development  projects.  The  intent  of  this  policy  is  to  encourage  releases 
that  perpetuate  indigenous  aquatic  organisms. 

B.  Background 

The  USFWS  has  used  historical  flow  records  for  New  England  to  describe  stream 
flow  conditions  that  will  sustain  and  perpetuate  indigenous  aquatic  fauna.  Low 
flow  conditions  occurring  in  August  typically  result  in  the  most  metabolic 
stress  to  aquatic  organisms,  due  to  high  water  temperatures  and  diminished 
living  space,  dissolved  oxygen,  and  food  supply.  Over  the  long  term,  stream 
flora  and  fauna  have  evolved  to  survive  these  periodic  adversities  without 
major  population  changes.  The  USFWS  has  therefore  designated  the  median  flow 
for  August  as  the  Aquatic  Base  Flow  (ABF)J/.  The  USFWS  has  assumed  that  the 
ABF  will  be  adequate  throughout  the  year,  unless  additional  flow  releases  are 
necessary  for  fish  spawning  and  incubatlbn.  We  have  determined  that  flow 
releases  equivalent  to  historical  median  flows  during  the  spawning  and 
incubation  periods  will  protect  critical  reproductive  functions. 


1/Aquatlc  Base  Flow  as  used  here  should  not  be  confused  with  the  hydroiogic 
~  base  flow,  which  usually  refer*  to  the  minimum  discharge  over  a  specified 
period. 
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C.  Directive 


1.  USFVS  personnel  shall  use  this  standard  procedure  when  reviewing, 
providing  planning  advice  for  and/or  commenting  on  water  development  projects 

in  New  England  Area. 

2.  USFVS  personnel  shall  encourage  applicants,  project  developers  and  action 
agencies  to  independently  assess  the  flow  releases  needed  by  indigenous 
organ I  sms  oa  a  case-by-case  basis,  and  to  present  project-specific  recommen¬ 
dations  to  the  USFVS  as  early  In  the  planning  process  as  possible. 

3.  USFVS  personnel  shall  recommend  that  the  instantaneous  flow  releases  for 
each  water  development  project  be  sufficient  to  sustain  indigenous  aquatic 
organisms  throughout  the  year.  USFVS  flow  recommendations  are  to  be  based 
on  historical  stream  gaging  records  as  described  below,  unless  Section  6 

herein  applies. 

a.  Vhere  a  miniumum  of  25  years  of  U.S.  Geological  Survey  (USGS) 
gaging  records  exist  at  or  near  a  project  site  on  a  river  that 
Is  basically  free-flowing,  the  USFVS  shall  recommend  that  the 
ABF  release  for  all  times  of  the  year  be  equivalent  to  the  median 
August  flow  for  the  period  of  record  unless  superceded  by  spawning 
and  incubation  flow  recommendations.  The  USFVS  shall  recommend 
flow  releases  equivalent  to  the  historical  median  stream  flow 
throughout  the  applicable  spawning  and  incubation  periods. 

b.  For  rivers  where  inadequate  flow  records  exist  or  for  rivers 
regulated  by  dams  or  upstream  diversions,  the  USFVS  shall 
recommend  that  the  aquatic  base  flow  (ABF)  release  be  0.5  cubic 
feet  per  second  per  square  mile  of  drainage  (cfsm) ,  as  derived 
from  the  average  of  the  median  August  monthly  records  for 
representative  New  England  streams. 2/  This  0.5  cfsm  recommendation 
shall  apply  to  all  times  of  the  year,  unless  superceded  by  spawning 
and  Incubation  flow  recommendations.  The  USFVS  shall  recommend 
flow  releases  of  1.0  cfsm  in  the  fal 1/winter  and  4.0  cfsm  in  the 
spring  for  the  entire  applicable  spawning  and  incubation  periods. 

4.  The  USFVS  shall  recommend  that  when  Inflow  immediately  upstream  of  a 
project  falls  below  the  flow  release  prescribed  for  that  period,  the  outflow 
be  made  no  less  than  the  inflow,  unless  Section  6  herein  applies. 

5.  The  USFVS  shall  recommend  that  the  prescribed  i  istantaneous  ABF  be  main¬ 
tained  at  the  base  of  the  dam  in  the  natural  river  channel,  unless  Section  6 

herein  applies. 


2/The  ABF  criterion  of  0.5  cfsm 'land  the  spawning  and  incubation  flow  criteria 
of  1.0  end  4.0  cfsm  were  derived  from  studies  of  48  USGS  gaging  stations  on 
basically  unregulated  rivers  throughout  New  England.  Each  gaging  station 
had  a  drainage  area  of  at  least  50  square  miles,  negligible  effects  from 
regulation,  and  a  minimum  of  25  years  of  good  to  excellent  flow  records.  On 
the  basis  of  2,245  years  of  record,  0.5  cfsm  was  determined  to  be  the  average 
median  August  monthly  flow.  The  flows  of  1.0  and  4.0  cfsm  represent  the 
average  of  the  median  monthly  flows  during  the  fall-winter  and  spring  spawning 
and  Incubation  periods. 


6.  USFWS  shall  review  alternative  proposals  for  the  flow  release  locations, 
schedules  and  supplies,  provided  such  proposals  are  supported  by  biological 
justification.  If  such  proposals  are  found  by  USFWS  to  afford  adequate 
protection  to  aquatic  biota,  USFWS  personnel  may  incorporate  all  or  part  of 
such  proposals  Into  their  recommendations. 

7.  USFWS  personnel  shall  forward  their  recommendations  to  the  Regional 
Director  for  concurrence  (prior  to  release)  whenever  such  recommendations  would 
differ  from  the  median  historical  flow(s)  otherwise  computed  in  accordance 
with  Sections  3*  and  3b  above.  For  projects  with  lengthy  headraces,  tai traces, 
penstocks,  canals  or  other  diversions,  Regional  Director's  concurrence  need 
not  be  obtained  on  flow  recommendations  applicable  to  the  river  segment 
between  the  dam  and  downstream  point  of  confluence  of  the  discharge  with  the 
initial  watercourse. 

D.  Exemptions 

On  projects  where  the  USFWS  has  written  agreements  citinq  0.2  cfsm  as  a  minimum 
flow,  the  USFWS  shall  not  recommend  greater  flows  during  the  lifetime  of  the 
current  project  license.  Three  hydro-electric  projects  at  Vernon,  Bellow  Falls 
and  Wilder,  Vermont,  currently  qualify  In  this  regard. 

E.  Previous  Directives 

The  Regional  Director's  memorandum  dated  April  II,  1980  and  attached  New  England 
Area  Flow  Regulation  Policy  are  hereby  rescinded. 


Date 
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Regional  Director 


